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SU~MMARY PAGE A

ThiE Fra)BLEIA
The problemu coor'istcJ of obeaIninS wound- trasm oission data in the Admandc Ocman and adj.

cent areas and correlating this information with meteorological and oceaniograph~c aisditdnas. Th.
studies wade involved ranges and frequencies of im.mediate Interest In echo-rangiag &ad passive.

detectizm problems and contributed to the Improvement of detection techniques, performeace pme
diction, and 3ystem dc'vclopment. The approach to this problem was to provide shipboard insear
mentstion and modification fotr acoustic wesau'.rements iat *ea, Carry Out **easueManS, OanaYas
and repore oni results obtained, aad conduct operational and engineering research as zvwkuled.

TenjointG acoustir-oceanograplik cruises in the North- Atlantic were completed dwogb l193.
Uutig tesecmiesnealy 00 couticstations weeoccupied. All transmiasskaf daes have

been reue n ie n13 adadcopies o os fteecrshv enfrihds
the Nr~val Research Laboratory and the University of Michigan. All North Atlantic OWd Meditec.
renean BT1 observations in the Woods fhole Oceanographic lostitution File ihrough November 1951
have bcen reduced to 11311 cards and tabulated. Copies of dhe tabutar~ons have been furaished so

die Woods 11ole oceanographic Institution. the Navy Fiydrographic Of~fice, and the Agricultural

a nd Mechanical College of Texas. T"he llydroltopbic office has streedA to keep, this basic file up

to date. The transmission dita cover a frequency range from 70 cps to 25 ke, sad vertcal rever'

beration measurements cover the raage from 2.2 to 34 kc.
An analysis of AMOS transmissior. data. in the 2. to 25-kc fieiuseacy region, Including dhe bee,

torn mode of ptopagation, hat; !.-. completed. Conto-ims of tvanuaminsion l0ss have beeK plotted

for ten frequencies and three projector depths, for P standard temperature M" V'.) .aed 0 6taffdard

layer depth (100 1t). C'xrctio' charts have bten plotted 14 each frcluz-acy Voc the cofirtcdon re-

quitcd btcause of changes i3, layrr depth, teniupuatte, and sea stfte. values for the embsoupron

coefficiente for V&4003s tempieratures ace also included. The AMOS pirmoqgadtioa arAlysia ,-aa used
to construct lateral rangc. curves for hull-mounted, ecita-ranging sonata at variwou 6*epeur0e and

fig~ures of merit for submarines at periscope depth and at* dhe bws depth Wo avoilikal detectidm.

The curves also apply to sp-cific layer depths and surface tempematures. Such Curves were Used
by CAPT S. D. B. Merrill to space the ships of his screen in AsDevEwL A subseyteat study of

AsDevEx-l and other available data showed tht the predicted and measuried range performanc
compared favorubly at all frequencies over s range of propapation condidoea.

A theor'y has been doeveloped for computing acoustic wave field latenssdes at API points Ia.
cluding caustics and foci by phase corfecd.ons to the ray theory. Predictions Vf lntensItIes Is

focusing regions by t0-ij method have beea successful.

RECOW~ENDATIONS

As a result of the accomplishmsents of Project AM~OS It Is re"wMeade 4he die loLvwlq
actions be takert

a.Apply AMOS dMAa to varlablo-depth sonar appications.
b. ircducc and aentlya. AMOS deep-water popsgatioa data tit kiwer 10eyseacles.

r. Make extensive iracoretical c""pctatian8 of acoustc fild~s.

d. ereparea catrangeprodediion manil torplace KAYSNIPS 900,1

4I
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ABSTRACT

The Prejec AMOS work which was ceriv : mt through the period 1 January
1953 - 31 December 1954 is summarized. This to a final report of the AMOS deep-
water acoustic measurements which began In June 1949. During the period cov-
ered by this report, the Underwater Sound Laboratory carried out a number of
studies sad analyses of AMOS dats; these are Iicluded herein an Studies A
through J.

The major study is an analysis of sound transmission at frequencles between
2 and 25 kc based on all the AMOS data and on other data available in the clasas
fled and nonclassified literature. Propagation-loss prediction charts based on this
analysis atepresented as a function of certain environmental parameters. An error
study of the propagation analysis is presented next. The AMOS propagation anal-
ysis then is used to construct lateral range curves for hll-mounted, echo-tanging
sonars at various frequencies and various figures of merit for submarines at perl-
scope depth and at the depth which is best for avoiding detection. A comparison
AIs made of measured and •prt_.d ranges for a number of sonar systems. Studies

of AMOS low-frequency noisemaker data analysis, ray tracla In the oceam, and

bottom reflection in deep water are also presented, mad a sanmary of Cruise

TWELVE, which was completed early In this period, is included.
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ADMINISTRATIVE INFORMATION
A hydkographic survey of vital sea lines was entaished in October 1948 by

the Chief of Naval Operations. Authority for the survey was contained in CNO

letter set. 00159P31, 19 October 1948 (SECRET). The following month the Chief

of Naval Operations, In CNO letter ser. 0503P414, 16 November 1948 (CONFI-

DENTIAL), requested the Bureau of Ships to initiate a program of acoustic meass

urements as a part of the hydroStaphic survey. In April 1949 the Underwater

Sound Laboratory was directed to conduct sound transmission studies on board

the hydrographic survey vessels AVP-30 and AVP-50 and to correlate the data

obtained with ocennographic data concurrently taken. This assignment was made

in BuShips letter ser. 241 (942A), 25 April 1)49 (UNCLASSIFIED). S0ortly there.
69u:I the unclassified code name "AMOS" was assigned to the Acoustical, Mete.

orological, stnd Oceanographic Survey program by authority of CN9 letter ser.

0239P31, 26 May 1949 (CONFIDENTIAL.,
The Navy index number for this program is NE-120221-9, ad the Operational

Requirement number Is 10-15401. The work conducted by the Underwater Sound

Laboratory was done under US problem number DIAl. The measurements phase

of the AMOS program has been completed; the analysis phase Is continuing.
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REPORT ON THE STATUS OF PROJECT AMOS
(Acoustk, MefeoroIogico�, end Oceanoqrophk Survey)

(1 January 1953 - 31 December 1954)

INTRODUCTION

i'rolect AMOS (Acoustic, Meteorological, and C. The �ormulatiun ot a set of desigu charts

Oceanographic Survey) was established in order to which will make possible intelligent design of
permit th� collection of ecou�tic propagation data sonar equipment to meet specified op�rarional re-
and the simultaneous oh�ervatiod of meteorological quirements.

and oceanogranhic (�actors of significance to sonar The participants in the AMOS program were the I
performance in the vital �ea lanes of the Atlantic U. S. Navy Ilydrographic Office and the U. S. Navy
Ocean during all seasons �f the year. *Fhe informa- Undu�rwater Sound Laboratory. Jointly they were I
elon obtained was designed to cover both current re�'ponsible for acquiring simultaneous acouatlc

axidplanned echo-ranging and listening frequencies. �nd environmental data.. The Underwater Sound

The major ob;ectives of Project AMOS have Laboratory was sesponsible for the design, instal-
beci achieved in one form or anotlwr.!t is planned intion, and operation of acoustic equipment, while

make coririnued use of AMOS prop- llydrographicOffice carried out the design, in-
.gatlon-'oss data and t�nvironrnental staeistic�' for stahlatiort, and operation of oceanographic and roe-
operational st.idies as indicated. The MOS objec- teorological equipment. These age�.-ies were also
Livcs ate the Iollc'wing: joinrly responsible for the development of methods

and cechniques for field utilization and tor presen-

e. Thepreparation o�a set of prediction charts tation or the acoustic-tccanographic data to the

for operational plunning pur�ioses. Such �harts rep- k�orces Afloat. This responsibility involved the

resent the soaar situation on a probability basis preparation and publication of material which pro-Li for each area of interest and for each month of the vide� procedures for converting equipnu.nt charac-

year. Various sets of charts corresponding to equip- teristi� zmnd local environmental conditions into
meat categories, such as surface-ship-mounted *�perationally and tactically usable terms. I
echo-ranging sonar, variable-depth echo-rangIng In addition to acquiring acoustic data, the Lab-

sonar, or submarine-In stalled low.frequenc�pas- eratory undertook the analysis and correlation of I
sive son., may be prepared. From these charts, it sitnultwieously observed acoustic and environmen-lii will be possible to determine not only the proba. tal datri for operational purposes. The Hydra-
bility of echieving a particular detection range on graphic Office was responsible for the acquisition
a submarine by echo-ranging or listening but also and Nnalysia of extensive environmental data for I
the probable range of detection of a convoy by an ope�ationaI purposes and for the publication of
enemy submarine, operational sonar charts. It also ws� responsible

h. The compilation of a se of detailedpredic- for the preliminary planning of AMOS craises,

tion charts for tactical employment, based upon handled such matters as itineraries, pioject coor-

the propagation loss and figure of merit for parric- dination, time and space allotments, personnel as-

tlar sonar equipments in relation to the prevail log sigamenis. proposed shipyard installation of r.ci-

spacing, mad for similar applications. ferences with the agencies and vessels involved.
oceanographic conditions. Tl�ese chart�a will be entific quipment, and the preparation of technical
used for day-today opcrations, fo: convoy screen instructions, and initiated 'working-level" con-

SUMMARY OF ACCOMPLISHMENTS OF PROJECT AMOS 'I
This report is a final report of�he AMOS acous- LJr�derwater Souid Laboratory is now undtrtuking I

tic-environmental correlations in dep water. The an extensive program of shallow-wnter propagation

g-tffflg!1j4IAL 1
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Mneasurements. A summary of the accomplishments duced to IBM cards and tabulated. 2 Crpies of the

of Project AMOS at the Underwater Sound Labors- tabulations have been furnished to tht. Woods Hole

tory iý, now Included. Oceanographic lnqtitution, the Navy Hydrographic

Since the inception of the AMOS program, a Office, and the Agricultural an'i Mechanical Col-

sirable amount of acoustic propagation data has lege of Texas. There are 131,f00 pairs nf cards in

been accumulated for the North Atlantic Ocean for the North Atlantic File mid 14,350 pairs of cards

i wide range of acoustic frequencies and environ- in the Mediterranean rile. This set of environ-

mental conditions. The map in Fig. I shows the mental data cards hins proved to be quite Important

ten joint oceanographic and acoustic stations for in a number of applications. The cards have been

which propagation-loss. data have beetp obtained sepatated into various geographical areas, and sta-

up through Cruise TWELVE. The AMOS cruises in tistical compilations ot import ant factors have been

which the Laboratory participated are listed below: made,. The Ilydrographic Office has agreed to keep

this basic file up to date and recently shipped

48,000 cards to the Laboratory.
Acoustic propagaition and associated environ-

Cruise Cruise Date Stations

Number Occupied ventoried below.

TWO June 1949 6
THREE July-September 1949 29 AMOS Acoustic Cards AMOS NT Card File

FOUR October-December 1949 17 (Card Layout Form. Filg. 7, (Card Layout Form, Fitl. 8,

FIVE February-May 1950 25 US- Report No. 147) USL Rýport No. 147)

SEVEN Noveamber- December 1910 7 Cruise No. of cards cruise No. of Cards
EIGIIT FebrusrY-Aptil 1951 30 S2 710) 2 50
NINE June-September 1951 20750

TEN ianuary-Aptil 1952 lb 1 4,7502

ELEVEN June-September 1952 20 5 3.000 5 350

TWELVE February-April 1953 20 7 500 8, 16, 25 kc 7 50

192 8 15,000 8 400

9 13.050 9 400

The propagation-loss data obtained on these t0 16.000 2.2.8,16,25 kc

cruises were punched oki IBM cards as indicated it 22,000 1! 550

12 12.500 12 250
below. Finally a set of 26,672 iBNI cards was pre-

pare,! for all AMDS cruiscs with ftir-frequency Total 88,050 2,750

(2.2, 3, 16, and 25 kc) propshgation-loss data at

standard projector depths, receiver depths, and
ranges. Copies of most of these cards have been HyDfographic Office ave A e Oceanographic Station File
furnished to the Naval Research Laboratory and (Data for nil cruises have been received in listing form.)

the University of Michigan. Available transmission (Card Layout Forms. Figs. 14-15, USL Report No, 147)

data cover a frequency range of from 70 cps to 25 cruise No, of Cards

kc, and vertical reverberation measurements cover 1 5100

the range from 2.2 to 34 kc. A list of propagation- 2 650

run station positions is given in Tables IA and I 3 2700

for both high-frequency and low-frequctcy runs. 4 2C00

All North Atlantic and Mediterranean 5T oL- 5 2250

servations in the Woods Hole Oceanographic Insti-

tlition File through Novemb-r 1951 have been re-

-- 2 The IBM cards used for this purpose are shown In

I'lle present status of the shallow-water measure- Fig. 1 of USL R•port No. 147, Report on the Status of
meats program is covered in USL Report No. 260, Quar- project AMOS (20 At, 4 - 31 December 1951). by H. W.

S- teely Report, 1 July . 33 Septreber 19.54 (CONFIDFN- Marsh, Jr., and M. Schulkin, 19 February 1952 (CONFI-

TIAL). DENTIAL).

a COFc o ENMT I-AL
2



Table I

PROJECT AMOS PROP? ATION RUN STATIONS IN DEEP WATER

'- A. i1th Fte.jut .:y 122. S. 16, 25 (21. 29) Ict

Acoustic Date watey
Station (stact) Latitude Loanitmkde Depthm sion

(W-
2 1 18 VI 49 39°42,N 700349W 1$ 53-1

2 19 VI 49 38°17'M 6925,W 1900 53-2
3 19 VI 49 360539N 68°17.W 2530 53-3
4 22 - '49 36*53'N 6Z 1

05,w 2500 52-3
5 22 VI 49 36 °53 'N 55°5 , 2500 53-0
7 26 Vl 49 43'I•,N 60o00W 890 52-9
3 16 VII 49 30033'34 396.W 2600 55-2
6 17 VII 49 3 0 13.5'N 54°28.W 2960 54-3
9 18 VII 49 30033'N 46855.W 2620 55-5

12 20 VII 49 30°51-31N 43a17.59W 1720 54-6
15 21 Vii 49 31°07'N 3'421W 1650 55-
16 22 VII 49 31°24-N 32004.8-W 2400
21 23 VII 49 .137.1'N 26°30.2-W 2825 55-11
24 25 VII 49 31°57.5'N 20°49.0.V 2600 54-12
27 26 Vii 49 32013.4'N 15026.01W 2340 55-14
32 28 Vfl 49 34 0

24.2*N 7
0

35. !'W 710 54-16
36 31 VII 49 36°05.0'N 9043. 1' 2170 54-19
39 1 VIII 49 38°23'N 10025.5'W 2650 53-19
42 8 VIII 49 40

0
49.5'N 13°49.5,W 2m00 54-22

45 10 VII 49 44°56,59N 16°ILS'W 2400 55-21
48 11 Vill 49 46a44*N 12954,W 2250 54-25
50 12 VIII 49 47 0

49'N 10°8-W 2095 54-26
54 19 VIII 49 510119' 14033 IW 30 54-28
57 20 VIII 49 52°06.8'N 20°21'W 2040 54-30
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in twiditlon, alil thewuartime scottatic and eavi- in preparing thest, charts It was necessor. to
rctaenctwetJ recvwds of the Vnslversiqtý of Californal establish a QIIBa figure-.f-merit mesarremetsa
Division of War Research have been transcribipd no program, which extended well into th.- year 195L1
IBM chrds. The shallow-water propagation surveys A*s c revilt, the Iutgwes of merit of V7 destmer-ci
made In Fishers Islland Sound by thr Columbia U61- type ships of the Fleet were obtained voider vari-
Versity cVlviaioc, of Vwu liesearc Ue K10rm East, 4us envivronmerial and 3hip operating conditlons.
Coast *ad Gulf ut Mexico plrupdg*ei Appuroximately 200 sonarouen phrttclpated In tb~ec
thin sutrveys carriid out Ly WHOifl Cae~rv beei trrwuý iopersitians. 1t addition to th~e data requir %d for the
scribedf o panchee-ci.fcorm. An lii -m;.ur of~ the~se ii?,atetutr operazon-.l cbats, many other important

d atel gli Ike Liu~rev;ul'.s vyýe j~ kr'e fvn th~s figure-of-mer4t pro
tory'. I 11M puncite.d-cari fi l* is pr, spated 6elor'w 81t k~gbiil Z AM facobrs wert uncovered,

V~ Uth - .- OrtlAncP q;t cra, 000. qar JocV,e waoo !p
IJCDWR Acoustic Data slztAJ, hand the importance of a more rapid audlo.

(Card Layout Forms. Visa. 9-I,612. MS Rprt" Me. 14 bean search than that prescribed by .QMBa doc-
HO O Cad~jtripe was tstablished.

)Ltpq Fyvefwgcy: Acouaeti; 1661 Ane analysis was also made of the propagatios
t?. Ltf 6, La. 7 5. a2d 2.5 khC Ervitab..,..aa s3 Jots with respect to vmriabie-depth soon- opplica-

I~th Frqmc~ coutcthinw.6 Project AMOS data were qippaed to the
10. 4. 0. 4, ', se~ 6 kcproblem oi daetcaining the optimum u4epth for vari-

bunt tpejiamello .14 heE~wn~ able depth sonar and the gains to be expected for
7950 a system operating at this depth.

_____________- - -Another study carried out in the yewr 1952 coon-

* ~~~Fishers Island Sound and Block tIslnd Sound Shallow-Water Dat. e ndthepeedprao. 1 efrm ceoeho
(Colmbi Umverhp l~Isoa f Wr Ra~acb~ranging sonars at 5 kc hand !0 k;.. In this stork,

Ea~on~aaIaimed at e-fficieat system dcsign, Project AMOS

avcgurt Carls propagation-loss data at acoustic frequencies of
Acosti Dta ara it~2.4 1 8, 16, 21,, 25, AFA 29 kc were sanlyzed as a

Acoustic__DateCards ftaction of range and operstiunal xubmarine-epth
intaevalep for vsriotsv flT AAOS code classes. A

Woods H.qe Ocuaeswepb~ia F=Ut1t1t0o study was also made of tije t;*tcted propagation-
Sbm~lovr.Ttet Acrt'szvk Dats loss nawnealy, at vwiourn reragest crising from bot-

Numh~ ina-tetfl~ztiopi acoustic paths int deep vater. Th2efi

da~h1 ~b~tmgraph~ prpagation data were apiplied to- m4nth1y' eamirom-
E~vlonmu~l ~mental statistics fat the North Atlantic Ocean area
A~o~tlc ard.500bletween No N and 400 N in order to obta~in the ex-

Pected median range for four equipment figurem of
During the year 1951, a set of QH~a perform*- merit (140, 150, 1(20, and 170 db) for 54kc avnd 10-

00ce charts was prepared. Included- in this set kc, bull-mounted, echo-ranging sonar systems. 18
were montisly tables and charts of expected sweep the present report, a modified ve!-sion of this study
width for QHBa-cquipped surface vessels for four has been prepared for systems sat 8 and '14 kc.6

operational submarine-depth intervals. Such atra- -

* ~~tegic charts may be used In comparing convo Ti rgrni ecibdbrI.Scuka .S
routes ftp. the point of view of sonar protection Ui~ radLA a r I~ ~ o.aI

md also for submarine oper stions. 3 Thiis informsa- Tests.. iUý Report N4o, 187, 3 April 19;3 (DNFIDEý.-

* t~ics was transmitted to Rbe Hydrographic Office
f~~~~~~r~~ add.siato. See Appenhix A of 2vpovf 0%t ibe' lboiA.u Of PfOjteci

AMOS 01 lasomY - 3.' Uft-cmbNr 1952,k by fi- V- 14R"th,

3 Sample rhants mar be found In TUS1. Report No. Jrtd. uli ULReo NxLS 3pil15
147 (CONFIDENTIAL). Y See tJSL Report No. (C 4Irk)E?4TlALW .441I: t 4 See tiSL letter to the Hydrographic office, "Sau peadix K.

of P blicatl AMS"st 1110-036, 1 November 1951
'O3NFVFWI1I A) See Shud F.



PWctom-reflection pathm at theme frequencies have periodically In place of the noisemaker levels.
been found :': Fe tram importart than reported ear. Level-versus-rmnge plote have been made for the
tier. card data by means of the automatic plottIrS mu&-

Also in cooaectoon with this propsta a atudy chine. Range vlaues were obtalined from range-
concerned with the tempetature depenrdence of at- vcrsuswtraveI time~ curves drawn from the bomb-drop
tenuation was rpared.' The study of Project data. Soumd-velocity-yersus-depth plots were cown-
AMISrtopa%,*ation measurements made in Isothermal pleted for all deep Nansen cas: data of Cruise
water shows ýbat the temperature of the water has TWELVE, and some ray computations were madk
an im~portant effect upon the propagation lose, the therefrom. 12

rossbein j~eate In oldr waer.From the level-versus-range pilots, levels have-
in ;IddItiun, propagation loss In isothermal lay- been reod and tamlated for e1.25-lkyd increttrents

ers Jepends. slightly, buc consistently, upon pro- from I to 2 kyd. 0. 5-kyd increments from 2.0 to 5.0
Jector and receiver depths. Data which showed the kyd, 1-kyd increments from 5 to 10 kyd. 2.5-kyd
distribution of propagation loss at frequencies frono increments from lIJ to 4) kyd, and 5-kyci Increments
2 to 25 kc, at r;%nges from I to 33 kyd, at projector fro~m 20 kyd to the conclusion of the run. in the
mad receive,' depths from 2D to 500 ft, and at water focus region, readings are tabulated at 0.2!.kyd
temperatures from 350 F. to 7~0 F. were presented. range increments.
Trhe probable error under prescribed conditions was Source levels for the two sources have been
3 db. The tenmperature effect is In good agreement de,.ermined by assuming spherical spreading to 1000
with am model exhibiting a single relaxation proc- yd iar each station and extrapolating the value at
ess. 10 Also, m wave theoretical treatment of the 1000 yd back' tý; I yd. An average value for ea-ch

propagation problem shows that certain features of frequency band was then computed from the em'
the observed depth dependence are explicable. trapolated values.

Analyses 'of low-frequency noisemaker runs Plots of measured level plus computed spread- -

made on certain of the AMOS cruises were also ing and absorption loss bave been made against
cafrr'ed out.1  The purpose of these runs was to the grazing angle a: the ocean bottom for frequen-
determine attenuation values for propagation of low- cie s of 1, 2, and 8 kc for those stations for which
frequency (100 to 10,000 cps) sound under various a reasonable estimate of the ranges at which bot-
oceanographic condi 'tio-is. Topicz of Interest in- tom reflection paths predominate could be made.
clude propagation in surface channeils, channeling An analysis of AMOS transmission data in the
of sound between the ocean sariace and bottom, 2- to 25-kc frequency region, including propagatioc
disiances between focus points at various latitudes, by way of the bottom, has been completed.'13 It is
and modification or design of equipment for better believed that, for the most part, propagation at
production and reception of low-frequency sound these frequencies in deep water is f airly well
In the ocean. understood in terms of environmental factors. in

The broad-band magnetic-tr~pe records of low- another report,'14 contours of transmission loss0
frequency noisemakers~ are being processed with have been platted for ten frequencies an hree
autemratic equipment. The end product is a set of projector dpths, for a standard temperature
[BrA punched cards, at apptoximarely 250-yard in- (50* F.) and a standard layer depth (100 ft). Cor-'Itervals, -which contain t:he measured level in ten rection charts have been plotted for each frequency
f~equency bands from approximately 200 cps to for the correction required because of changes in

10,090 cps; the actual Ifrequeacies depend or. the layer depth, temperature, and sea state. Values for
source used. These runc can extend out-.o about the absorption coefficient as a function of fre-
So kyd, and background noise levels are entered quency and temperature are also included. These

data have been used and will continue to oe used

VSee USL Report No. 188 (CONFIDENTIAL), Ap in the future, in the frequency range covered, for

10A owuo o tthded teprtr fetonarrtor 1 the ray methods used, see Studies HI and J of

MAY~ A of this repo'ý. 13See Study AX
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quency and depth of endpoint positlons of the prop- rophy and season covered by the AMOS cruises.
agation path. As each cruise was completed, the While other observed effects could be Included
data were examined and analyzed in the light of readily, It waoo found that these occurred In an ex.
previous cruise results, existing knowledge, and treme way only in certain localities. it was felt
contemporary research by other working groups. 1 that to Introduce other parameters In order to toike

The final analysis, as given in Study A, was these Into account would esnduly complicate the
considered tc be consistent with information then analysis nad would not improve the prediction cm-
available. The propagation-losa data obtained from pabilities for most of the localities and seasons.
AMOS crui ves at discrete frequencies of 2.2, B, 16, In particular, the magnitude of the thermoclime
and 25 kc were analyzed and Interpreted according gradient was an imuportant variable of this type.
to a definite model. Equations of propagation loss The propagation data for all thermocline gradients
were obtained for the model and fitteA with semni- were grouped in one class. in addition, the prop'-
empirical coefficients. agation data (fr all temperature grtadients -more

Thm steps used to arrive ot this model con- positive than -O.3* F./100 ft were considered In
sisted of (1) finding the important acoustic-occa- the mixed-layer class. it Is recognized that these
nographic variables,(2) studying acoustic patterns assumptions murt be modified for workin. partieulas
in situations when one of these variables domi- localities.

*noted, arnd (3) making the simplest assumptions re The important oceanographicratcoustic varla-
Sarding the acoustic interrelation of these vanis- bles for the frequencies under ctudy were 1bund to
WeUs and adding complications only when the be isothermal layer depth, temperature, sod sea
exigency of incorporating a large body of data into state. The temperature effect was beat studied In
the model so required. the situation where a constant temperature pre-

The model was constructed from several modes vailedto very great depths. Under such conditions,
of propagation, each of which became important it was found that the acoustic field was generally
under certiin conditions of the wide range of gtop constant with depth at a fixed range out to ranges

of the order of 24 kyd, the limiting range of the ex-

17 S~me of the reports and articles consulted during perimental measurements. in such circumstances,

the propagation analysis were: "Transmission." Part[I, teatnaincntnswr optdadltVIPhysics of Sound in The See. Summary Technical Re- teatnaincntnswr optdadlte
portof Dvison 6 NDC, vl. , ~96 (NCLASI- against teemperature for the four frequencies. These

FIED); rinci uesad Applications of Vouderuwte~r data were then considered with respect to existing

soa4 Summary Technical Report of Division 6, NDRC, data of the same kind and to other laboratory memas-
vol. 7, 1946 (RESTRICTED); Sonar Dota Division, urements. The parameters of a theoretical expres..

IICDWR, -The influeoce of Thermal Conditions on the sion Involving the sum of a viscous contribution
Transmission of 24-ho !-ound," UCDWR U307. 16 March and a relaxation phenomenon contribution were

*1945 (CONFIDENTIAL); R. J. urick. "Sound Transmia. te eemnd oml 1)o td *rpeet
sIon Measurements at 8 and 16 ho in Caribbean Waters, te eemnd oml 7 fSuyArpeet

Zring 1949,"1 NRL Report 3556, 1i November 1949 the resulting expre ssion. Figures3 10 and I1I of Study

(CONFIDENTIAL); RL 3. Ltnch, "Sound Transmission B and Fig. 3 of Study A wre graphs based on this

NRLReprt363, 6Setemer195 (CNFDENIA); he elxatoncoefficiept isless than the value
0.76 resened inan ealier ork. t

FIDETIA); . R BaerA. G Piper an C.W. he nxt ariblestuiedwas Isothermal layer
Seaross "Masuemets o Sond ranmisionLose deph. n sallwerlayers than those considered

at Lw Fequncis 15 t 5 c."NRL epot 425, In he revousparagraph, there Is a residual atten-
23 eptmbe 193 (ONFDENIAL; W C.Meebam uaionlos whchdepends onlayer depth, range,
W. . Klly ).ft Frdercko"AnInestgaton f te reqenc, rceierand projector depth, and sea
Soun Trnsm ssi n Lo e i an beow a Isthemaliteobvious from the data that, at a
r~gseeingReearh isttut Usvevit ofMibits fxe rage ndprojector adreceiver detthe

(CONFIDENTIAL); and J. R. Frederick, J. C. Johnson, residual attenuation Increased the higher the sea
W. H. Kelly, "As Analysis of Unaderwater Sound Trans- state, the higher the frequency, and the shallower
mission Data," lateins' 'chalfical RePORt, Project telyrdph
1636, April 1954 (No. 1936.1I-7), Engineering Research te ae iph
institute, University of Michigaa (CONFIDENTIAL). Is Sue App~endix C, USL Report No. 166.
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Trhus, some kind of scattering phenomenon width. The formula* provide a pampagion last for
which denended directly on sea stareý, and iNversely my pfoiectr..ecelver depth pair.
on volume, since a greater loss was observed for then both ends of the propagation path a~re not
shallower layers, seemed to. be operative. This in the Isothermal layer, energy may penetrate below
could be explained most eaiuily on the basis of a the layer by way of siurfffce scattering. diffractive
surface scattering phenomenon. A possible muech. leakage from the surface channiel, or 0iffractive
aalem for volume scattering could be visuitlized leakage from the direct beam.. The first two cases
whereby sea state somehow introduced volume age token cwe of by the depth-loss factor for each
scattering elements so that shallower layern had of the propagation zonce of the previoums mode.
more Intense scattering centers. Assuming that the The case of diffrrective leakage fian, the direct
mechanism is one 'f surfacl! scattering, the loss hem msut be treated individually when the mode
can be related to the degree of contact that the of propagation Involving downward refraction pre-
acoustic energy has with the sea surface as well vails. Downward refraction occtirs In the presence
as to the size and frequency of the surface irreg, of a negative velocity gradient directly below the
ularitics. For an omnidirectional source, the fine- smurface when tio iayer is present or in the thermo.
tion of roys which are refracted upwards to meet cline beow an Isothermal layer. Thus, when oae
thc surface depends~ on. the layer depth. The range end of the path is- in the surface channe! and one
of the limiting ray lb a measure of this fraction. end is beneath the surface chanrel, thist mode
This range between successive. surface contacts applies to the Iv.7stion of the anekgy which is split
of the limiting ray turns out to 'be the .ýF/C/2 in at the lir'.ining req and ým refracted downwar~ds.
kiloyards if L is expressed ini feet. Thus, V7L is La The formultas for pro~v.gatioa loss for this mode
suitable scaling factor for range if the degree of haivebeen b..sedon athe4.xetical expre ssion der'ived
conts"t of energy with the surface is a satisfactory previously.1 " he term in the lbrackets of Formula
measure of the energy loss from a surface channel. (2) of fjrudy, A has been fitted with erninical ccef-
By further scaling the projector and receiver depths aicients for oan average velotity gradient. The eqpua.
to layer depth, it would seem possible to normalize tion lot the limiting ray under these conditions is:
the data fot all layer depths at any siragle fre-SIquency. This was done in tht aalysis leading to R - 1/5 N-".- / VZ-7
Study A and proved to be, a r-limkb~e way of trans.wZ ~I~ ~ L
lacing a large amount of daw~ into a single prop-
agation class. Since the acoustic ictensity may be diominated

Thre prpagtionzons wre rcogize in either by leakage from the as*f~e chennel or
Thre prpagtionnons wre rcogize ~n diffracted energy frem the fiowuward refracted

connection with propegatlon in do!' presence of bean, com putations must be made for both of thesw
Isothermal layers. The near zone Is defined by modes when both ends of the propagation path we
a limiting ray leaving a source and returning to not int the layer. Thc mode producing the teaseur
the surface atfter touchi~ig the bottocci of the out propagation loss is the one that prev~ilo.Iface channel. in this si#ne energy travels between An important mode of propagation for variable-
points by a direct path and spreads spht..lcally. In dphsnrapiain ciw hnad~eue
the for zone, energy Is p repagated down ti-e channel or internal sound channel is present mad bott: eds
after two 6! more contacts with the surface, end of the propagation path wte in the chaunel. The
the decay of the acoustic field can be w-presented ai frecanlI h et fasgn r~os
by a scattering lose. 'teffic ent milded to the twm- mu-cimto. This condition Usually occurs when the

peraureabsoptin tru~iet liyl fnnecy. tempersture gradieat levels off below a steep
Cylindrical spreadng holds ig- We sigioi. TLP therniocline and the pressure effect on sound ve-
intermediate zone is a zone of transition between lcr ihicesn et ae vr h
tbe near zone with'spherical spreading and the SDFAR charnel is such a case In point. 4t has
far zone with cylindrical spreading and surface
scattering less. A seralenpirical depth-loss iactro ioSer H. w. Marsh, Jr., 1'bwory of #be Asoinao~s
was obtained for each none, depending on the ratio propqst" nou Acunstic Wdves la Ehe Mcea UFL Ro-
of ;he scaled rang,! in any zone so the scaled ance port No. 11% 12 May 1950 (UNCLASSIFIED), P. 35.



been %ound from the AMOS drata that for shallow, gradient Into account, but this Is hardly worth the
depressed channels the width of thmese channels Is additional complications.
approximately equaal to the depith of the cloautnel
Lz.Is. This model has been used io obtain an ex. Study F compares the perfofrmnce of various
pression for the p~tpagation los.d, which lo the echo-ranging sonata fromn the point of view ofI
same as that for the near zone of the surface chL'I. equipment figoure of men muad ranige perfwmimece.
nel. It should be noted that this expression holds In thir paper, it Is shown that dhe prediction w.eth-
on the average. od gives results wagch -ompare favorably wiih oper-

ationul tange* performa.ýce date. Studies Et E, and
Final~y, there wre situetions where energy Is G present three operationWi applications of 'Project

propagated between. two points by way of the bx- AMOS results to surfiace vessel, eclio-rangivia sonse
torf. Duto from several sources were combined to penfo~mance pre ic tion problems&.20 Inthese atudiets
yield a set of curves of bottom Iors versu~s bottomi- the expected performancze of echo-iaanging sonara
Si.ixing angle for frequencies fvr-r 125 cps to 32 under varlous en~vironmental an-ý uperadona! .cemi-
ke. In using these curves, one calculates the ditions is discussed.
tprenclhng and absorption los3 over the ray path
kcor ýiptctda reflection, ca the bottom and Inserts Study H contains a very useful and itite.esting
the appropriate bottom loss. For echo-ranging pu~r- atproach io the pro~lem of ray tracing and field
poses, the one-way propagation loss computation intensity computationx. Ini Studies I sad I dhese
must be doubled, Study D~ of this report preseiut3 & methods are applied especially to dhe energy prop-
discussime of the data used in arriving at the bat- agated th~rough ib. deer oce rn by *sty of the S01FAR

Atom-loss curVes. chatiedt to focusing regions. A mnore detaiied ajpp;!
cativii of this theory is masde to the dada obtained

An error nrtalysis of the se.4iempiriu.l formutlas in co3nneecrion with the Project AMOS low-freqtiency
for conyutioll Propagation losa is given in srtudy C. broad-banid noisemaker runs. it is chown that the

It is shown (tier: on ahe bash& of a sainpling prx- quantmative features of the data can be epave

cedure, that the Psrediction mathod is reliable ever by the theory. t

the renige cal frequ~ncies and ranges consider ed. _______

-';m reduction in pgobable error could be achieved 20M cocet **i. .po&kra detection" and
fw-haps for the downward refraction mod& of prop- "lateral~ rnige curves" ame diamw-P,1 In deuail is UU.

tgatiun Sy taking the magnitude of the vekicIty Report No. 147.

SUMARY REPORT OF APOS CRUISE TWELVE"

The Ocew~ogrsphalc Survey Unit for Cruise 30). CAPT It. D6. Day (Camosiader oceanogrephlc
TWELVE mosiaszcv4 o: Kne us Sam r.Abw..) fAGS ý"%vey Venit); one, the 1158 REHOBOTHi ýtGS-50))
A ________CAPT Rt. Rt. Snyder.

21Ime aganant -aeoft AMOS %ýws~e TWELVE was AMJS Cruise TWELVE was planved primarily
praparu by LT IL Q. lidia, Jr., IH'droavabic Surve fio. the utandoint of obtaining the mailmum
officer at the Um,"ervate, Soind LaborntawY. Th *Per* amount of acoustic data : -pported by the neces-
dA0 order for &b~ '.iiaise appeas in letter film the flY- sary oceangraphic and seiastic operations. The
AMo~he tos §WEftLema "hebarlca5 i.u, "" for~ following measurements were proposed by the Lab-
Dws rmser 1952 VS (co4vlD dissL ofe onsue. bt4tt31
Do e 1952Ien hi (C" M seNIA Thee mespsed Ia IlL lctwa

so & .H odsspther, "AIDS Cravse khi schede of,. a. Z7 Acoustic Event I
st-s. 117q0-O5 1414ceemeache lV5r(CONMlDENriiAL). b. 27 Acoustic Event SA

A4 _ _



c. 27 Acoustic Event 3 The total cruise doae we* F4 days. Of thkio time 64

di. 27 Acoustic Event 6 were spentat U*&

e. 5 Special Acoustic Events The ColloI098~ L abormtoty Persommel purtlpn*d
1. 2 Acoustic Eve-at 8C In AMOS Creeise Tk#ELVF2-

The following itimema.y w*Ar act for this cruise: USS SAN PABLO U&S RIKHODOTH

no. Dte ltvlorhmaPlact
(I~~~33~L F-~lD~at TC, Iselin. it. BUS.S Nichal.

26 aa ~ DepamuWe Nor.Wh. Va. tFtJ IL IL Halleck M&. It. H. Tboft
30 JSamasry N4 W N.~W .10 cerm W ;t. F. Sieralep Mr. L .Q Paples
7 Februay De,.smtee hew Lead.. Coe& Mr. r. G. Soal*t

23 Februury Arrival me"W.U 0. P. Dickasom
27 rebat~hy 00o~tt reasawea S. IF. hdzwmmcki

13 Merck An~vo4 Telatd-d F.1.I.

17 Uarch Depanare Trsiviaid. G-W.L

24 mffc% Arrival SO jusa. P. R.

30 M~archt W-penrtm 'qaf Jus^ P. IL ENS Nichols tranaferred from REW)BOTII to &/R
10 ,Aad Arlial WNaamen PABLO in Trinit~ind Ur. H. Joharion, of UWWl
13 April Depsitme Nassau was embarkced in ktZHOBOThd durlW she Nothlk-
23 April Akidval PhIIjdeliihlt. ;is. to-Newe London und Bermuda-bo.Ttlaidad leg&

!EVEN It FOR6-E EC TRAWAOMISOWLOSS MEASUREMENTS

oqTwenty-two Ever~r 1 statloan oer .MQ an dumpr vere stationed at 3D. 50, 100, 250, sold W0
AMOS Cruise TWELV'E. Since the "0aL'-ehsmellt t 'boeranrntigi orecrcei

*epth, SscandW4 roost' for #Efrut I were 30003000
line byulophone was not available, an alteurmate U~'O E0\,ad2,0 .d hnbtvbm

operating P m-cmiure wa~s defeiaped'. 19riefly' att10(, grph, codietno were such that njo tmnsinlssluais
pulses wtcrc troammittO~ whuile the tronsthoceri were wonre to be cinected or 24,990 yards, an Sddtlom#A

raised front 1911 feet to 20 f&et. Rece."vinS trans. range of 500 rads was taken

YEMEWS 4 ANDl 5s VERTICAL REVERBERATION MEASUREMENTS 112 KO~ IN!O DEEP
SCATTERING LAYER MEASUREMENTS

No Event I end fivent 5 Jama were obtained. fathommeter transducer was dmauned, A replacement

As a result of heavy poundinA of the SAN PABLO was Anstalled in Benosda, but higli-quality Meltp-

durialt the eirst end secon.:1 leg, 2he AN/U(Q4-1 r~o,, was not oblainable.

EYM!T 6a VERTICAL TRANSMISSIO AND SCATTERING LAYER MEASUREMEXITS
(S. 16. MND 34' KC)

No Event 6 doat were obtsti.'ed Lecamuse of fedt. failure, but later they werne kmnd to be caused by

ouietec transduter difficulties on the REHOBOTH. broken -rystal leads.

At first thesre vifficuIlies 'were attributed to cryscel

13



IVUNTS $A AND 11t LOW-TRSQUHNCY PROPAGAI"KA MEASUWREEN"IS

total of 4 Event 8 type ra'aurements were CHARLIE: This event wae executed by the sels-
made. Subdlvive4 by types they were: mic personnel sand will be reported by them. How-

ever, cursory analysis off the data shows no evi-
-9vent SA Event e9 dance supporting the existence of Echo Bank.

11 with Mk 4 4 with 4embs ogly DOG: This event mtarted at 222G4Z March. One

3periffat •tu h ML 4 hunired and two bombs were fired. The Mk 4 oper- . -

7 r•na --ii bcvks ,;.Aly teed one bour on, orne hour off. No W~lk 4 casatdies
w'eme experienced. Phar.e I ended at 240100Z March.

No complete siren suns were made. Kepeated me- phase II started at 301707Z March. The two ruas

chanical casualty to the siren and pum., overhe.t- (070e and 304') were run in accordance with the

ing problems precluded its effective use on AMOS planned schedule. Sixty bombs were dropped on
C~ruise T'7ELVE. One short ram using the qk 6 each run. On the 400-mile run on bearing 007%was mide to obtain the "shgnaturean of the device 260 bombs were fired. The event ended at 010043Zas a sound t:turce. 

April.Thea sou eduleic t i e ee EASY: Special Event EASY started at 081304Z
described below. *cailed reports of these events, April. Forty-diree bombs were fired. The Mk 4 wascomplete with trick charts me logs, are being pte- operated according to schedule. Phase I ended atpared tor wtistribution. 091219Z April and Phase II szarted at 132212Z

April. Seventy-eight bombs were fired. The ý*k 4
ABLE (Sit!! 0): A combination of unsuitable weath- opetated without failure. The event ended at
er and lack of coordination between the aircraft 142345Z. Upon completion of this event the4i90na-
and Office of Naval Research resulted in failure ture rut, of the Mk 6 was made.
to this event. ABLE: (Site 2): To utilize time more economically
BAKER: Special Event BAKER started at 201244Z it was decided to abandon the site of the first
February, 120 miles northwest of Benuada. During Event 8C. It was planned to conduct 'pecial Event
the ciurse of the circular rum and the final radial ABI.E and Event HC at Site 2. Event ABLE was
run into Bermuda, 360 bombs were fired. Except slmostcomplere l when heavy weather caused abasi-
for time out of commission, the Mk 4 was operated donment of the site.
intermit --.idy according to schedule. The final The following major material casualties and
bomb of Phase I was fired at 230538Z Felvuary. deficienries were noted:-
The depth of Jetonation of the SOFAR shots is a. In ordec to keep the Mk 4 operative. co"
doubtful. The detoaotors used were observed to tinuing maintenance was required. Four diaphragms
give erratic results and caused detonaden to 'easy were uesed,
from premature to none at all. Phase I I startd at b, The Mk 6 can not be towed at speeds over

282015Z February. A total of 147 bompbs werc fired. • knots. it was not uied except for the one sign&
The event ended at 020630Z March. tare tun.

14
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STUDY A

SOUND TRANSMISSION AT MRQUENCIES BETWEEN
2 AND 25 KILOCYCLES PER SECOND'

by
H. W. Mvrsh and AL Scholkin

INTRODUXTION memorandum. A comprehensive discussion of these
results, including comparison with other existingAnm sanlysis of AM.OS transmission data In the data, and recommendations for applicaticas will

2- to 254kc frequeuncy region has been completed. be given In a forthcoming Laboratary report.
The results of this analysis are presented In this

METHOD OF ANALYSIS
2This report. which was Ismued as IJSL Technical

Menordaadm No. lllO-llO-54o 27 August 1954(U`ýCLAS- A definite model of the ocean as a transmitting
SIFIED). 1 trevisioo of USL Technical Memorandum mediumn has been used In carrying out this analy.
No. 11104-8-4, 14 January 1954 (UNCLASSIFIED). sis. Reference to Fig. 1 will show that there are

X' N
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several modes of propngation which determine Depth of Axis of Depressed Sound

transmission cunditionw under any given set of Channel (ft) 1

circumstances. Sometimes the different modes are Depth of Ocean Bottom (fin) B
of comparable Importance and must be combined in

order to estimate the net sound field. At other

timnes the sound field is dominated by a single Range (kyd) R

mode of transmission. Depth of Source (it) Zo

In the present analysis an effort has been made Depth of Receiver (ft) Z

to study the various modes separately This can Acoustic Freaitncy (k7) f

be done to q great degree by a pzoper selection of Relaxation Frequency (kc) /r

data according to the different oceanographic fac-- Transmission Loss (db)
tors and according to the geometry and acoustic . 10 log R,

frequency associated with the data. Those factors Spreading Loss (db) 0 log R .

which have been determined to be of importance 2D log R(Fig. 2)

are: Absorption Coefficient (db/'kyd) a (Fig. 3)

a. 1ejth of isothermal (surface) layer Scattering Coefficient (db/kyd) as (Fig. 4)

b. Sea state (wind force) First Depth-Loss Factor G (Fig. 5)

c. Depth of axis of depressed sound channel Second Depth-Loss Factor it (Fig. 6)

d. l)cpth of ocean bottow Bottom Loss '1b) Nt, (Fig. 7)

e. Water temperature

t. Range Scaled Variables
g. Depth of source
h. Depth of receiver r =RIVT
i. Acoustic frequency

By scaling and by certain laws of combination, it X"
Is possible to reduce substantially the number of
parameters required to characterize any particular

omode. Thus, it is possible to prepare a limited set

of charts or tables which, together with a small r 2- z - z 1, zo -1;

amount of computation, can be used to determine

transnmissioin loss under any prescribed condition r, 1 - +z 1- I o < 1 ;i!lying within the framework of the analysis.4

THE BASIC MODES OF TRANSMISSION .

Transmission via modes associated with the
surface isothiermal layer and various orders of sur-
face scattering (including negative surface gradi- 30 -
eat) may be scaled to layer depth and described in

terms of a few simple formulas, which are listed M 20

after the dcfinitions below. Source and receiver ~I'
depths may be used interchangeably in applying

these formulas. However, the conditions applying -
to the formulas are stated only for 2,o _< Z.

The following definitions and symbols will be
uscd:

Basic Variables , 5 5 10 1 00
FIANGE 'N KYD

Surface Isothermal Layer Depth (ft) L

Sea State S Fig. 2- Spreading Loss (db)

"16 i-In.. . ...
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The ptop•gation-loss formulas for the varais N - 10 lug R + (a + ,1)/ + f(xo x,)
modes of p'opagation are the following:. - as OE£ (r, + •

Diect Radiation Zone (Zone I). 0 < r <r 10 log [ Vi (r +Y)41+60. (4)

When 'oth ends of the transmission path lie The shadow zone beyond the limiting my Is

within or at the bottom of the surface layer, the delineated by

following formula applies:

Z.o x> l , r>l,r + _r. +•

N. =3 logR+aR+G( z-z()- r+60.(l)r!

For Zone I I I use Fo,-ula(4) or Formula(2), which-

At all other times use the smaller of the two ever yields the smaller propagation loss.

transmission losses computed by Formula (1) and
the following:

Trmasmission Via Depressed

N, = 20 log R +aR Sound Channel

+125-i--- 7L -rV F-nL7+ 5R] For this mode, the depths of the source and
05/) the rec,-iver ame referred to the asis of the chin-

S60. (2) nea as the origin, and the channel half-width,

equivalea: to the layer depth of a arface isother-
The quantity within the parentheses, multiplying mat layer, i, tsken to be one-half -bc depth of the
the frequency term, is taken as zeto when it is not axis. Thus,
positive.

Zone of First-Order Surface Reflection N. - 2J log R + aR
and Shadow Zone (Zone i1)

Two propagation modes occur in Zone I1: + H C)

Energy has been reflected at least once at the
surface. The area covered is zx * 1, rI 1 r < r1 + /.

Then, Tronmisslon Via Bottom Reflection

N, -2D log R +aR + 2(r-r1 )I(,z.z 0 )

+Il-2(r-ri)] G(z-zo) +60. (3) Transmission takes place by one bottom re-
flection:

The shadow zone beyond the limiting ray is N.= -20 lo R + aR + N V + 60, (6)

delineated by

z, > 1, z > I, rl S .r.< r + % . where R is the slant range from the source to the

bottom to the receiver for specular reflection sad
For Zone II use Formula(3) or Fogmula(G), which- No is the bottom loss for the grazing angle at the
ever yields the smaller propagation loss. point of reflection and is given in Fig. 7.

Zone of Second- or Higher-OrJer ANALYSIS OF DISPERSIONS

Suoface Reflection (Zone Il1)

"Energy has been reflected at lease twice at the The probable errors of the propegation loss

surftce. It covers the urea z, <1, r, + < <r. Then, estimated by this method are givca below:

18
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Probable Enwo of Propalltion-Lo-8 Ptedictioas (AMOS) (Idb) roto associated with the bottom reflection dots

Frequeacy (hc) 2.2 8 16 25 (Fig. 7) are given in Fig. 9.

Mode of Transmission
(Foramia 2 04W 5) . 5 6.5 1 0

Mode ....oT ..a..,s ,,,
"(For"slu t. 3. and 4) 4 3 4.$5

Reciprocal Difference 3.5 2Z5 L5S3.0 5 -

These errors result partly from the Inadequacies------ .--

j4 of the' method, from bemsic fluctuations which can
not be predicted, and from errors of easrement.I.

In order to estimate the flucmurtions, a study has

been. made of the sound fields measured under l1 1
Identical conditions but with the source and the

I N receiver interchanged. The difference between dhe

two measurements Is referred to as a reciprocal- i
difference. Except for that mode of transmission
associated with Formulas (1) and (5), the error of 5 1 50

estimation is approximately 1-1/2 db greatet thee FRmEZCV 01 KC

the mean reciprocal difference. The probable et- FIg. 8 - Pr~aJo Fro In Bottom Love vs. Frpqwewr

ASSOCIATED COMPUTATIONAL FACTORS FOR PROPAGATION LOSS

in order to compute the individual terms of the Scattering Attenuation Coefficient

propagation modes, the foliowiel formulas sae te- (d d) (sam Fig. 4)

quired: 6I <3
Absorption Coofflait (db/kyd)

(see Fig. 3)

Aj21T 1B2 -9 > 3.

where First Depth-Loss Factor (db)
(4, Fig. 5)

A - 0.651, B - 0.0269,

IT - 1.23 x 106 -[looo/(r+45.s)] Gfz - z) -0.1 x 45t.6 )/25)"',(z - z) 1

= L23 x 106 x -4•0/(T + 45t.6), -20(/25) V,(x - x,)Ž. 1.

and then S Depth-Loss Factor (d)

A/B - 24.2; 15o - 9 3 . (caputed Irom Fig. 6)

For low frequencies, N (4 zo) -(x -zX) + P(X) + r .J.),

S0.6. 12 where

fT V

and - 0.10" ,Ize;

a. ",0.0073 /2 for T 50- F. -0.4 x 19', <1 .
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STUDY B

CONTOURS OF TRA4SIMSSION LOSS FOR
STANDARD CONDIIONS AND CORRECTION CHARTS'

by

AL R. Powers K. 4L Dfckmi, e, L P. Opyx

INTRODUCTION loss was ccuut,,e as a latction of 1, Where

Cont.,rs of standard transmisso loss, NM - + VTZ- L.
have been plotted for ten frequencies and three

projector depths, for a standard experatute(50' F.) The curves were plotted for constwst range, P, be-

and A standard layet depth (100 feet). Correction tfeea 0.5 and 25, kyd, for values of I firco 0 to
chire 4ave been plrtted for each frequeacf for the 140. These curves should be used when they give

correctiont required because of chimges in laer a smaller less value Lute the value computed from

depth, remaperature, aid sea state. Values of the Formulas (1), (3), aed (4) of Study A but can ao
absorption coefiicient, a, for various temperatures be used liea bot the projector and tht receiver

are also included. The corrections are to be ad6ed ore above the layer. Examples of these com"Wta.
to the standard transmission loss. The loss coo- tiongsare givea in Figs. ID, 3. and 30.

tours and correction charts for each frequency have The layer-depth correction was co€mped •La
been grouped ",gcther for xeady referenc,, the formula:

METHOD OF COWPUTA1IION A l o .- 10 10 - ", (" 9.
The values of the transmission.0oss first w-ere W~ere

computed Irow, Formulas (1), (3), an, (4) of .htdy
A. In all the compuratikms a laA.r depth of 1ý-O L -JLyer depth (ht),

feet, a temperatrure of 50" F., aud a sea state of '. standard layer -epth - 100 ft,

less -than 3 were assumed. Coaputat~ons were , absorption coefficient (db/kyd) at

made for projector depths of 20, 50, sad 101 fe T .500 F., fed
V ofm frequencies of 2, 10, and 25 kc.2 For eatch

proj-caor depthnd frequency, the standard truns- R W range fkyd).
misson~~ depthwa frmputed tscy, eciedph
mixssion •s was comput•i at stven receiver depths This formula was evaluated. fii twelve values of
and eight ranges. These values wcre used to plot L between 9 and JO24 feet. C0'rves were plotted

contows oi constant 1os3, Eramples of such con- for AL versus R. for constant L. The costomrs
tours are •,ivwn in Figs. JA through IC, 3A through ot cmatinwt AL (see Figs. 2, 4, and 6) were

3C, and 5A through 5C. plotted by interpolatina in these curven. This Ltor-

A plot oi tuansmission loss for Formula (2) of rection applies to Formulas (1), (3), and (4) of
Study A was also made for each frequency. The Study A.

In order to rind the transmission lots for a

1This report, togeth'er with a complete set of WOCL- given R, Z, and Z.. fo a. layer depth different

;nS chans, appeared origi-mily ms USL Tethnicas Mem- hrom 100 ft, it is necestu3 zo findt de values of

oramnuma lio. 1110-101-54, 17 --lust 1954 (UNCLAS- tOe scaled variables r. x, sad x, by asiaz& the ac-
SIFIED). t% %I layer depth. The standard lovs cowurs amre

2 The orisival compout •tios were made at adds"Dt0 eutured wich r, Y., Md x,. nod the value of N., .S
frequencies of I, 5, 8, 12, A4, 4, and 31 ýc. However, real. The rorrvctjon telm. a fund how the layer
the convpmtations for the 1-kc frequency are exttap"lA,'?d reu.il. ct"ou re thes cr .oem tered
from data at hicher frequencies and thus we to he coo- corwction contours, where these curves L.re catere
sidered an estimates only. Witii R and 1.

iz
--- - O
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- In a meanner '-dimlsr to that usned for bhe layet car-

whreto

ais evaluated at temperatue uTo F.,

14Is evalvated at standard tempe acmreI

R is range (kyd).

Fig. 10 - Absuoptior, Coof'icioint (in dh/kyJ) vs. The formula was evaluated for six values oi r
Frequency (in kc) ft* T -3D F. between 30* and 90% and the curves were plotted

for A7 versus R at a constant T. The conwurs of
constant, Ar (see. Figs. 7A, 75, and IC) were
plotted by iaterpo'sting In these curveL. This cc&-
rection applies to all peripagation wones.

- -it should not be assumed that interp~olation Is
- -. -- - these correction charts willb accurate fo0n 2

-- rervrul smaller than one-bsvlf the interval between
- -- contours. !f greater accur~acy Is desired, the cot-

C rectiori values should be found from the formulas
/i*132 * - or irom gra~phs for constant L or T. This Is pwdart-

- larly true for ranges of less d~arn one kiloyard.

-W2 The sea-state correction

75

has been plotted for each frqency ,,F B. 8). Thi
-I - - - Is applicable only for the ranges r ?.r, +, foW

which Formulaft) of Study A applies. These ranges
may be determined by using Fig. 9 for the three
values of projector depth (zr, - 0.45, 0.71, L^O
or Z, . 2, 50, 100 feet).

Figure 10 gives the values of is, fk fequen.
cle afnn I to 10, 000 kc, at T - 500F. The valuer
of c - Wasa are plotted for temperatures fratn 25*
toSO'1F. and for frequencies from I to 10,000 he] (Fill. 11).

Fig. I1I. Tompa.weur Dependence of Absorption
Coefficient Ratio (c-

(s- Absorption C..ificiont at 50' F.)
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STUDY C

ERROR STUDY OF AMOS PROPAGATION-LOSS ANALYAiS

W. H.Thatp

Am levestigation wasn made of the magnitude of computed values oi propasgation lose fro the awes-

WWror 16 be expected from the met of the analyfi- uwed values for the leaistedcpro MgaI~ino Nodes f1r
cal formulas SiveaInStuyA of this kvport for the the 149 stations of'aie L Foerdthremainnag oiae

*estimation of p.oprgatomlon I... This 'was done by stations, the prevailing propagation mokO- appeared
working withst rs- eventative samoplq. of the entire to be by way of'the ocean bottom.

dats. file. This campl. was obtained by selecting emanteoftipobl.eorreec
at random a single. IBM card to represent each

C'the No-7th Adantic deep-water stations whi'ch SOt thtievralko leceaisef!
a propagation asedium. This effoct was ect~matied

were 04ccapled between 1949 anud 1953. Each card inhi tdybcoseratereprclnue
so selected contnined'the measured values of prop- of this studyob ovsieritag soepthe weithm mrasitting

agadon lowt fu!! one or awre of the fouz discr~ite ad- receiving positions Interchoolged with&% it pexi..
i oustic frequencies 1,2.2, 8, 6 n 5 c o od of from 15 to 2D minutes foW Most *fthe statlun

Sven range and p rojectoy-eceiver depth pair. In Table 1. Thv reciprocal differences referre to
These detita Fwe listed In 'Iable 1.

Ther~m~e f popaatin ,ichappiedto ach in Table 2 eare the'differences In measured prop-

* paticlar tatca ud ias etemine frm * agation loss over the same path, but with rectivior
padrati oula ofthepatio n w t w as etermi e frs m i rn-iae and rprojector positions isterha nged. It may he

sidestio ofcherprtinent g valumetr s Inifte a scn that a sizeble part of the probabile arro of a*-i .*In Study A. The orsodn ale fpoaa tbi~tlowt arines hrose the time variability ist~okuced
tion loss were then computed froci the formulats of by the ocean. These errors appear to be i"Wdapm-

Study A. it should be noted chant more han one prp ent of range over the ranges of the AUOS eiiperl-
agutlon mode may %ply under the, trsansmsslon meats (I to 25 ityd).V condltio.3n" therefore, calculations using each ap-
plicabl e formula must he made and the result which it may be seen fhat the Pmobble 01098s Ifo the

indicates the least loss wast he chosen. Ilia, in downwerd refraction mode of propagaton aPPear W

effect, -increases the ouimerical Pffixt required by be larger than those associated with surface chin.

About 50% nel propagation- '.Ah arnos associated with prop-

le Table 2 *ge present -ed the probable errors of agation by way of the bottom are trested separately
the prediction method obtained by suhtracting the In Study D.
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Table 2

PROBABLE ERRORS OF
PROPAGAVlON-LOSS PRENtCTIONS

Fl (AM05 (adb)

S2c8kc 161tc 2skc

Mode of Ttammualsolo I5 5. 6. -1 ~~~(Fixnmdaa 2 ad5, Study A) 50 . ,0

Made of Trameasomllo I
(Fmtal3,m4.tEYAI4.0 3.0 4.3 5.0

'IRedipmcai Wiffmwaesev 3.5 2.5 L5 &,0
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STUDY D

TRANSMISSION BY WAY OF THE BOTTOM

by
M. Schulkin and W. H. Tharp

INTRODUCTION rical path was used together with the temperatur-

dependent absorption coefficients presented In

The eepwatr btto-releciondat avil- Stu(,ý A in reducing the prop agation-los s values to
The eepwatc botom-eflctio daa avil- "bottom loss."

able as of January 1954 have been as~sembled in a In order to curry the bottom- reflection analyais
form which is suitable for use in sonar range lire- dewn in frequency, underwater sirep runs frow

dictions. No attempt is made to explain thc data;

erather, the data are described in terms of a model. T - - - -- - --
- KC

The modlel used is that of propagation by way of 82 JKPC

the specular path, including an empirical loss at 2"65 KC

the bottom. At grazing angles appro~aching 00, the

behavior of the Rayleigh reflection coefficient isa Z
assumed. At perpendicular incidence, scattering ~.
c oefficients deduced fromn AMOS vertical sounding

measurements at 2, 8, and 34 kc were used. 'a -

The most extensive sources of bottom-teflrc ý

tion data in deep water for the 2- to 25-kc fre------------------

quency range are AMOS Cruises NINE, ELEVEN,I
and TWELVE. Cruises NINE and ELEVEN were-§ K
notable (or their shallow surface sound chanr~els 1 AN0 L 30 T 4U TO I0 60 70 80 S

and low, direct acoustic fields at short ranges. As GAIGAGFWT OTMI )~RE

continuous-wave sources were used on these two Fig. I Bottom-Loss Darn from AMOS Cruise* NINE,
cruisea, the sound energy could arrive by various ELEVEN, and TWELVE

paths, and some discretion had to be used in se-

lecting datL which arrived by way of the bottom. AMSrusSE VNadTWLEweued
For this purpose, the der-h of the isothermal layer, Dt eecniee nfeunybnscnee
the decrease of dhe propagation- loss anomaly with LotIk,2cnd8c.Hwai ugmt

range, the constancy of the field with depth, the had to bc exercised in distinguishing bottom re-

magnitude of the propagation loss, and the acoustic flection&, since the source emitted continuously.

frequency were all considered. on Cruise TWELVE Bottom-reflection data, obtainej; by the Naval Elec-

pulses were used %ith the result that it was fairly tronics Laboratory during 1950 and 1951, were

easy to distinguish energy comning via the bottom. also available for discrete source runs at 500 cpa

Propagation conditions were generally good during and 1000 cps. I The medians for the siren and NEL
this cruise, however, and because only those si ý, runs ate shown In Fig. 2. The nuinber of runs going

nals which were less than 40 db below the direct Intro these medians are as follows:

few stations. I These runs are described by' T. P. Condron and
All the, AMOS data were assembled into median R. W. Schillereff in "Long Ranige Sound Trasainlsalon

vol~uest and the bottom loss was plotted against with a Shallow Towed Source at 500- and 1000-cps

the bottom grazing angle in 5-degree intervals and Frequency," NEL Report 323. 16 October 1952 (CON-

not t-3 55 degrees as shown ist Fig. I. The geomet- FIDENTIAL).
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Fig. 2.- Bottom-Loss Data from MEL Discrete Source Fit. 3 - Bottom-Lcss Datri from WHOI Bomb Drops
end USL Siren

@6 AMOS Uriderwater Siren-S muoo at I kc, 4 plot was also made at 25 kc for convenience. The

runs at 2 kc, 3 nuts at 8 kc. points at 90 0 (vertical incidence) were obtained
It. NEL Dlscre',e Source-4 rues atrI kc and 6 from a previous aaalysis3* of the AMOS vertical

nons a a 500 cps. reverberation a" bottom-reflection expeximeots.

Fina-Hy, bait.a,-reflection data 2 obtained by Thse pulse-length deptndence shows in the study

the Woods Hole Oceanographic Institution at fre- indicates a tendency toward a leveling off at lomwer

yaencies below 1 Ire through bomb drops were de- bottom-loss values with greater pulse lengths. The

rived for mumltiple-hop Ievets Ectr energy lying be- pulse data of AMOS Cruise TWELVE also shows a
tjtwee!. tr-e I'miting my and the critical angle. In tendency toward lower levels for shorter pulses

waikinji oe~r the doen, all postible differences In (ie... 1/2 sec as compared with I sec).

U level were used from the WHO01 plots of level vet- Probable errors of the points about the corve
sus KIN, where R is the range wnd N is the order in Figs. 4A. 4B, and 4C were computed and cow.-

Iof reflectiop. values of N from I to 9 were used. blued with the probable eavars cof the plots In Figs.

The riedian values of the resulting daea awe plotted 1, 2, and 3 in order to obtain the over-all probable.

in Fig. 3. error cotve versus frequency shown in Fig. 6. Fl-

These three sets of data were studied for fre- nally, a plot of trouamissloo loss versus horinamal

qesency dependence bII plotting median bottom-re- range As presented in Fig. 7 fir -n average water

flectdon loss against E~ equency 16E die overlappin~g depth of 2D00fatboms ad average water tempier.-

grazing angle inte.-vols, 100 to 300, 2DO to 400, tamw vf 35 F. brde thefor ftequencies indicated

med 30" to Y5&. The resu~lts are shown in Figs. 4A.

40, and 4C. in drawln:,, smooth curves through tbe THEOR~ETICAL COMPUTATIONS
points, the AMOS da a& were given the greatest Tertclcmuaina ~ oso w
k~eight whenever a qw-stion arose. The soure of Thmpemorelscalrcomadeon in thder haul o v maw
the data Is Indicated by a letter W for WHDI, N for simplendeis we refmaetion cefidient to bottveosm
tEEL, S for Siren (AMOS), and A (o AMOS, deopertdencie oftw reeost coructr.Ieset cam bow

Plots of bottom loss versus gratting mangltem prdwyadbttmatsoe n recs en

were uoadq, starsing at 125 cps mod "rss in oider pl~ace acoustic waves in one inikalue, a-

octave steps. These ore psrevented In Fig. 5. A ~ D .F el.- .V ma.

"Vertical Revoubus"dea witd Rimatstm "&ea M"ee.
2See C. 1L Officer md 3.. ers"-, 9#50"d TamO-. mews - E,,'a SI peosjca Am&-. WIL Toaenlm

mistake Irom Deep to *all~w Walet,"' 110 Rf. 53.33, Nwmoaadgm no. 11*414-53, 15 May 1953 (CD*WW1
August 1953 (SECRM~ D91NNAL).
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Fig. 5 - §ottorn Loss vs. G.roxhl' Angle GRAZING LWE01 M E(I 50E~EScoRat

;:19- 8 -Raytilgh TheervtcuI bottom Loss

ii .vs. Grtzing Angle (p. c osnt
6 geneous, fluidi medium (sea water) lmpo'n~ing s;-o

the 3urface of separation for a second hifincte, ho-
mnogeneous, fluid medium (the bottom). In rise second
case consider that the bottom is composed of an

- absoring fluid overying a Noard, perfectly reflect-

5II Ing surface.
in the first Case the Rayleigh foimula forthde

F ~energy reflection coeffici ent is:

J sqe+1sin 0, - V1 - Co0_ST#O5(c2/r1)2~

j ie 10 50 where
FREQUENCY WN KC

jFig. 6 - Probable, Error in Bootom Loss vs, Frequency , izn nl .ihbto n

-T-T-r ' J- Herecl iscorpez and cisthe speed ofsound

'.1 ~againlst the graziog anglc for a numiber wt phase
Iki wslges, A, for the sound see in the bottom. For

1100 -the purposes of calculation, typical &usiqy ratios

F' j -. n features of these curves are that (1) when the

phase angle q& is close to zero, there int a critical
- - ~4- i C o agleof about 34' !or which there is tot&! re-

~~ flection for all grazing angles up~ to this value?; (2)
Fig.7- rwusn~gion oss~. R@ fi~~for grazing angles of 5* and 10. the reflection cc-

Batomi.-Refliectd TronsuissIon efficient decreases continuously In the "region of
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rellecuen as s)a h hs nl u~ae hv . e~i rqec.Tee1*sm e;,

Fiase onglc Is-reia cont'94Vo ronAgiuouseAgis.ntat

In ig.~,te pase thge ihse nept finedats0es ln ~v sIcdn o otm on
xeth aioofreflections modfcen wt posDv of Cetains frequency. lyete leofmhtkes,,
fromd 3pee ra0'tio Isletir comgtd xdffizent dwoensity Obr~leve at huar lasfit moedij tha pe, It scan
rtatioly tu mayhe paieeu tartex bettenrimced for ehowh jstiictdion famstudieso refepto seffteienr ist.

tmedi , the paiton e of di refl ection coefficin -wt Posed ofSsudby:bralae fticns,

rati:. Ithmybesesta of e bewytintherwachwed reshw dive the Iusi)C52 t rfet~io coeficient (2)

tw eI r, the powos teri reilectiros coeffi- iei b -_ _ _ _ _ _ _

cient pliaui. The pupseo hcnuinp thes crvesfis

*U the~ a higher freqnece Lenciesanvces 's 1+ (2czcs #(Ionw el
Irelcincoefflkimu at preater grazing anglet hr

accounted frIs. vraious ways. For example,it am8
mqe orise ham a piredoutiman specuiv reflection

atmail praxift auget& 'and a predominant scat-
tedag effecl t L~ "tArji agules. Aai~eE pco- 45aw TIU 221, p. s039, of IS ocms"b U
Aibllty Is "ht is the deep ocean a so~ruM absuth- 5e&q~ .V s~s .I.Feig r~l
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STUDY E

LATERAL RANGE CURVES FOR
HULL-ROUNTED ECHO-RANGING SONARS'

by "

M. Schulkin end R. A. Speug

INTROOUCTION roamental conditions oftemperature and Isothermal
layer depth. The curves for L - 0 awe for negative

Lauteral range csnves are included for hull- temperture. gradients starting at the surface.
mounted, echo.ranging sonars ait frequencies of 25 There are tw. columns of three curves on each

and 10 kc under various environmental conditions. 3 hr etoclmsoftrecre nec
And isc undero ofsonars evigre ofmenitlisopdiseoned, page for the indicated isothermal depth, L, in feet,

A discussion of sonar figure of merit is presented, water temperature, degrees F., and sea state 0.2.

tog~ether with typical values for the various sys- The dashed tails which are present on some of the

tems used by the Fleet. The use of such lateral Apply to the effect of sea states greater than

range curves in search and screening operations is 3 on sonar system performance. Curves with no

considered briefly. dashed sections can be used for all sea state con-

ditions. One column of the page applies to a sub-

LATERAL RANGE CURVES marine at periscope depth, 50 feet; the other column

A number of sets of lateral range curves (see is for a submarine within 500 feet of the surface,

Figs. I and 2) have been prepared for use with bull- its best depth for avoiding detection. The sub-

mounted, echo-ranging sonars at different frequen- marine depth is indicated by the symbol Z, and Its
ies. Curves at frequencies of 25 and 10 kc are value is hatted next to the layer depth value. The

Included in this study. The curves apply to deep curves me labeled with figures of merit in db. A
water off the C"ontinental Shelf, change in range scale was found to be convenient

A lateral range curve is a plot of the probability to use for the deeper isothermal layers.

of detecting a submarine which is moving in a par-
allel track with respect to a searching vessel, FIGURE OF MERIT OF ECHO-RANGING SONARS

against the track separation. Such curves offer the

tactician a basis for establishing reliable tactics if the figures of merit of hull-mounted, echo-

with respect to the sonar situation. A screen too- ranging sonars have been measured me a function of

mander may choose between alternative tactics by range for specified operational conditions, then a

determining the level of probability of detection complete lateral range curve may be found from the

associated with a given ship positioning. The curves of this report.

curves may also be used in workiag out force re- The figure of merit of an echo-ranging system

quirements in convoy routing. is thepermissible loss of the system under a given

Each set of lateral range curves has been pre- set of conditions and Is the difference between the

pared for a specified frequency and is to be used power source level, in db//1 ab at 1 yd, and the

for equipment at that frequency. In using these operational minimum detectable echo levelv is

cwves, that set of lateral range curves is selected db//1 bk In order to determine its mnear figure of

which applies most closely to the essting envi- merit, a ship performs operational maneuvers at sea

while an artificial echo is inserted at an abitrarY

Thip report was lamed o ally as Tech- range and hearing. While the sonatmn is uasin
SThis remortandum iNo. 1110018-54l 1 UU. Tecit- standard search procedure in locatidg the target,

icei Memortadum No. 1110-011054, 1 is1 1954 (ON- the level of the Artificial echo is increased at aF1lDENTIAL).

2The original memorandum included lated rutse rate coreesponding to the closing of rage between

curves At 2D ad 14 kc. the target and the searching vessel. The back-
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ground of noise and reverberation is the actual in- of the rectangular ares swept by the anisubmirine
terference against which the sonsrman would have vessel In searching sperations.

to work in locating a real target. The lateral range curve lp a sery flexible pres-

Typical measured values of the figures of merit entation of the range perfortwanct of a sonar ay*-
of various sonars are shown in Fig. 3. Here the tern. The spacing between ships of a screen may

overage figure of merit of the QIIBa sonar is plotted correspond to ahigh level of probability of detection

as a function of range. The nata were obtained on when a tight screen is reqiAred, or to a lower level

27 destroyers in 1951. In addition, figure-of-merit of probability of detection when a loose screen is
plots of other sonars on indiv!dually specified desired.

ships are given. it was foumd in this :nvestigatioa Lateral range cut'-ev may be used to plan force

that the figure of merit did not change with higher requirvments In convoy othunter-killer group opers-

sea states through sea state 5. Hlowever, quenching tions. The relative performance of diverse sanors

of the sonar and rolling of the ship reduced the according to frequency, power, and detection a-
probability that a signal would insonify the target sitivity may be taken i:'m accotme in theme plans.

and that the resulting echo would be dezected-.It The beat search speed for area coverage may

was also foundthat sonar operators have a psycho- be determined by plotting the product of the sweep

logical tendency to work with the gain. turned dow" width or a range r-x•espoMding to a given level of

too low, affording a dark bsackround beyond the detection by the ship speed. Since che figure of

range of reverberation effects. Considerable is- merit varies with ship speed, it will be faaud that

provements Ws detection range can be achieved hy the product may have a mhximsm value at a gives

turningthe gain up tothe point where noise speckles speed. This will be the best search speed for the

just begin to appear st the greater ranges on the individuai ship. The b.-st search speed may vary

scope. from ship to ship, and one may decide to use the

best average speed for all ships or employ some

USE OF LATERAL RANGE C-RVES tactic which takca advantage ofthe ptimm search

sp ed for individual ships.

There is r well-developed theory for the use of The curves may also be used to determkin the

lIteral range curs es br search and screeniag opera- optimum keying Interval. If eavironmental or opera-

-ions. The range measure usually considered in this tional conditions are such that poor ranges are

,.;jnection is the sweep width. This is the area achieved, then a more rapid search out to A shorter

,:,der the .?--bability curve or the effective widtih range is advisable.
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STUDY IF

COMPARATIVE PERFORMANCE OF ilCW)-ANGING SONARS
hy

M. Sclki,uk. R. C. BeIh., mid R. A. pm,

ruis pop-c rpeseutm e~ldencc which shown that target strength, and propagation loss, will mow be
reliable. rn&ge predictions can be made by using discussed in that order.
ftsgure-oj~aar~ rncasuawments,. available targt- T'he filure of merit of an ec~o-raaglnB system
atmaa& aigfomahton, nod Project AMD~S propaga. is the permissible loss of the system uinder a given

dsdata. i's cm p azas of expected ung pefrn set of conditions In obtalina detecuion and Is the
&ace fmr huil-umounted and varnable-depth soes difference between the power soarce level, In
wider uniform corididons is included, Laiteral range Jb// pb itt 1 yd, and the operational mintimum de-
curveo basel on the IUM ranig. p~rediction methods tectable echro level, in dW'/l pA. in vttfrr to deter-
hare been ustid succtcsshdly h? oo~)-ec~ mine Its sorus ~iisurd of Smidt a B!W pezb00as

ratoryWhile the sonarman is using standard 3earch pWo

a:ivbiwn waels-jlpet xris(., te closing of range betweea the target and the
M~vEx-1) a dnldtoftityew= vxe searching vessel. The background ct noise and
under Identical nirmetlcnitiioas. As a re- revt~rbe-ratuon is dwt acttawl interference against

kstmy'is in a position to prepare laternl range a real target.
qcurvea and to a mpute sweep wid-hs and expected

Table Irange3 korsyseeiin lCsigo antiecta tCIappi ato. SIPM 1 --
This paper presen~ts evideirce which shows FIGURE OF MERIT OF

tAnt reliable range preeicti'..is vic be made b*r QH~a ECHO-RANGING SONARS (25.5 kc)
ttislag figur-of-merit metsuremett~s, 'tvaitaLle tar- (Noise-Lkaitfed Coud~riomus; Ship Soeed 15 khaer)
get-strength lzforw'tion, and Project A?#JS propa- -. Sourc., Minimum Figure
gatioth data.-Also included is a comparison of ex- (Q1D. Syste Lev--I Detectable of
pected. range .peirformance !or hull-mounted and at I yJ Echo Le-re Wedtl

variable-depth *sonars under uniform conditions. _______ (b/~b d/p) (b
T Ihe three factors used in pazdictirag minar range Averuvge (?951) 107 -24 t. 8 131 to
parjoiuat~ace, namely,. equlipment figure of muetit CaBENWVY~to 106 -15 a13 121 a 3

MALOY 111 -31 ±7 14k±
I T~sprora ha bessJoummatd i ri-ealVEL Tt-B-sw MAOY 125 .37±t6* 162 *6

Prsw awa 1 Piolece AMuOS (Acou-stic, Mctutovro-
&4 d. es~oveaorsbc Swt'ey). USL Repoir No. 132, rable I presents the fipire -f merit of QHBs
20 Apell !951 (ODNFIDENTIAL); H. W. Marsh, Jr., and echv-.ranging sonar at 25.5 kc. ' The sur'urs art
IL SchulkL;, R~epo on tb Sitaes. at k~Frq* AMOS OD~ noise-limited, &aid the %hip speed Is 15'knots. Ile
AV4i - 31 DeceJ'or 1951)6. US!. Rrport No. 147, 19 Feb- 1as- column Vests the figure of merit, which is h

~~2I 1a~~n17 1952 (WPIFIDENtI1AL); AL Schnlkln, F. S. 'White, ______

Jr.. and R .& "&s QfIBa Figxre-o4-MM&l Fesm USL
Report No. 187,3 April 1933 (CONFIDENTIAL); -ad H. 3 The figurv-oS..erix iwasuremeats reported In hkIs
W. Marsh Jr., amd ). Schulkin, Report ca t". Status o/ paper vm~re bbtaied b- the loilovwl USL staff me
puolfee Almos (1 1emwy - 31 kv@csbm~ 1952. Us!. beasr F. S. U~ite, pi., V. X. Earley, Jr,, R. F.. Dallas,

IeWtNo ~, 3 Ap'ril 1953 (CI)FIDENTIAL)ý mad G. T. Addns..
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TaMe 2

flGuit or mEET or NCNCP4AMNGO MARS*3
__________(Nalwe.LUAle~d C..4ehsq SW~ 4064d 19 heft@#____

Vnaeqicws Lovd Deessub~
(Ike) as I rd Res Lewd u

________ AW?1 Id A (do

SQ3.1I1I(NAVUAN) 2%.5 112 .3* ? 132*7
(O'BRIEN) W~. 112 .Ua6 is191*

SQS-l (WILES) 340 122 -a 12 142* 11

£CQC4 (TriliK 14.0 117 .20 14 14614
(KlAUS) 14.9 117 -31 ip141

_________ __________2 *P7 I 147 17

dl&,rear' betwee, 6he source Ieve! nod the mini-
-ei detectable echo level obsskaed undcw opera.

dowel coadidons. The avecre figure of merit
based an 27 whip. Is shows mu the first line. A
Pamt 3ystem an the GREENWOOD OWd a pood 8Ms
Cem ýu Cho MALOY are also ahw. The GREEN-
IjGD Ist 9 db loomet than dbe average ia mIni...
detecblhe echo level., where=, te MAILOY boa a

eb-beutr source level and a 7-APrbetter minimum
dtectabir ed~b* level. ieTrl-Bemaw wdficadow

ussthree beam3 on trmansmita mand speeds imp

Is Table 2 the figuree of merit of worar systmusOW M
at odwhr frequeades In shovxm. The SQS-11 Is as- l.I-SWc agt$ o@ o 25 he, ms
s~ e atia ly kA % e r x m red H & x fls .S A -be tt S u bm ark T W O "e A ep e t

merit Tbe S(QS.1 bas galsed apqrsomlmeely 10 tlb(Po. MTIan'DW
dKowh man improved somee Ie-,%L The SiQ&4 as ra ameager dats reparnsd at loere keqesmcies etnz
14 ke achieve$ Its high fiaime of merit d~o a Lo k dis~agreement with the inforatieonin rI8. 1

dlina winlimen detectable echo level; the abi~ps as e t e d 9J at bow mop e". There Is a s a mid

shows hete wre 6-elved to bae unuuiamlly quIeot. Th d.v~utA* of J3 db at may particular ampect.
1D-keS(Qi-S also has ahIl~h source ieveL. It should
be repeated doat -since the fGame of mercis Iatedw u
permissible loom' In scievt deteedoee, a low- PWUortla IDM5. P~pW11oa losses we c:&
&elMaY s&"tea wini Ots' rea'a OSer iagetm" thenp df w bumwalas aed, Ahns dulwA ver ios a

shac of hhijbcrfrtqmasCy syrten of dmi snew fir umm ad dw etessW~iW P94eCs AMS mW1011'u
a. ofmrh. his I so ecas~e shepunmgdoa Approximately a quansOf a ml111006"esiee

laus IN a 7hen ~a Is "ien &he blowme tha MVWar~ ~~5U 5W~U d* aty lm. i
Target asteeth It, the seriAmm hawoosd for h ~wa e se ot h

rmage Psedikdoa Couqmsleedo. The cum shown
ia ri* Is is&Fo~ot -we ef Aes. skuilmed at op- 3A summ oa *0 wppw~sumlasI
pwoa0masely 4 kc d a-jag Fsvalect MYSTIC nod by gie IV M. IL Nor j. N.d IL 6 m Na is 4 Ant
the Calwubla u ,ýsitjrDivlis of Wag Reseach. thi RMPeus



sigailfcant faceura: (3) depth Of isothermal sarac
layer, (2) waser tee mp ir mer, (3) sea s tare ( mind "i(arc), (4) depth of axis of depressed mound chew.
nel, (5) depch of oce" bottom. (6) rng 1, (7) dapth
of source, (U) depth of receiwt, end (9) acoustic

fteqmescy. Freyaeacies of fromi 2 ;* 25 kc wene
co~rWe for waioms source dad receiver depths TV0

and range..
A defluize model of the oceas was used so a-

framewoek for the Jat smalycia. Accordinx Wo this
mode, several modes. or pipwloa Patti deter- Pe -Udi ee e... e. a
mine the loas under say give. set of circ~iimstmmces.wb-b W. hew

In FIg. 2, umderwaftr Moun~d PsoPaPtio -se
assocaated with -n isothmnl layer mod tbem..
clime am sketchd. on the left Is the OIT truce.
Zone A is the Megion Whee energy 61101m a mote,
say, at point I cc 1 I teaches mny otber point by a
di~rect pads Eazrgy saches Zone B by way of at
least one reflection from dhe sar surface or by dihf.
fractmm hrow Zone A. S..nllrly, eoner" reaches
Zone C through two or mo surface reflections and
diffractIon, frm Zolme B. U~ Zone A the energy Laid- 0 o
ally follows a sphserical sprading law- By th- der ae ET w T

the eniergy reaches Zone C, the, sPres~ifg Is cy-ASe--
liouslrical. Two othtr moderp cousl4,red quanitiw.
tively in this model mre r~.uragatio by way of in,.AI
terual dhasmels andI propagation by way of boomm
reflection. 'Mit keaeucd Jependence mod tcmpet.5-Pý~ ~w .. ~u~w AOS nd

100- ffects onye depth, n hav epe alsrof been Itaknd

far .2 sqea c ofte 8h axes a proeceior depth of 50I

a 02 tastae.jh Ate we w r civer dethes in -

Jeut% against noar.1 kilaoyairs.Atayrn is 3

rumvs *ili yield ptopagation loss as a functcOu Of
detpth under t~e specified coo-iduais. Such basic * MAD OM

charts also we available for other keuepeacies mod 2 A MAwr TR:SEAM

technique~~~1 lie inTU aOaifatHMcmaisn

*bzmaouener da~tas win orderp to obanPropagataon o~g 4'opnff~ ~l dPIERCE tn Range
hcAs at other layer depths, temperatures, and seae0 Nx*WQs
tctnd*,u sar do charets depth e. Eac VAomp waVh.(46-4~u~e~Mei

tahiued froma seies of latesfaltorya rOMUINa orpOC fH~gewv ..

measured and preic~tedpromne oA"02

of thi type~***~ wegvni is .5 n .I ii



WS The Operational Development Force bag pub.
V __ MUK. 9 V_ Ii. ed operational evaluation data4 tar dhe 14-ke

SVS.4 soonar system as installed abcard the WITEK
0 ~in 1953.1In Fig. 5, the points shown hor probability

of detection were obtained Py dividing the number
so M'II! WM MI. of successful Parallel sweeps at a given range

_VNG" - 9~noP!trn and target depth by the total number of rnsn at thatA
- rtange. The USL prediction method has beea used

to Compute lateral range curves hor comparison
with the measured Pointe~. Two Seups of points1 :1 70 were plotted by OpDevFor. One Brosq' was de-
scribed as taken under mixed-layer couaditions with

- the target above the thermocliae. T"he othei group
Orr WPMwas obtained for a target in a moderate therinocline.

Latn ma0o oily Upon examination of the original data, typical
LAMMMAM MYOfigures were derived for the enviznmmental cuadi-

tions and tarset depths for Cock group Of points.
Fg. 5 - OpDe.Fwr Evulnvetion Dom. (19.53) for SQS-d Soner, For one group a 70-foot isodmennal layer and a 50-

toggiir widh USB. Learwul Rango Ow'.. foot or periscope-depth target seemed appropriate.
For the other grooup, a 50-hoot isothermal layer mad
a 2W-hot target appeared to be the typical fig-

*10* '60LAWNO(P~Suram. The theoretical curves and measured points
'I are in agreement if the figure of merit used is 0se

- Isos-4M110 II alerted value of 165. db losti-ad of the umeterted

U ~If;'- - valse of 147 d~b. Information, received jadicates
that under dhe conddtiuas of the repetitive lateral

3 -- r-range rnsn, awareness of the target 5eaering Is to/ CLAVER 0DIMrS be expected.

Figure 6 compares predicted and measured per-
orumance and consi eta of data obtained on. the very
rtent "&ankbamaee warfare develcipm'at exer-
else, AsDevEx-1. lii this exetrise, a convoy escort

I a 4 CS 1 screen was composedof a lDkc SQS-5 sonar abo~ard
mAnE.SM MM 0 the wkTIEK, a 14-kc SQS-4 sonaz abonaxi the KiRAUS,

a 24-kc S(CS-1 sonar aboard the WELKE, a 25.%.-kc
111ig. . Cmapodasa ot Mea~surdend OWP-.d1CW Rompgs SQS- 11 aboard the MAWMdAN and the O'BRIEN, and

0(A&DovEw 0l (Points Regpar'.ot Medions of a M5.5kc QUiBa aboaird the GREENWOOD and &he
StCODOLDAUGH. 7he ships were under the command

of CAPT S. D). IL Merrill, who fraurnbed the range
perfotrmance data and the associated ST informaw

let sweeps with the destroyer movies at alasat 15 doan. The submarine target aspects were obtained
LI ~ ko iots-Rwes were started attdifferent lateral rawg 3, hom rease recorder tmaces. The taiget depthis are

and detections were made at different actual teapgs noe known at thi timoe. However, the pairs of .

A ased target aspects. Although mos of the data points shovo in Fig. 6 at a given range are plotted

pletted am for 15.5-kc systems, 'here was a large Ing, each system hor periscope-depth and 33-0-fM
apreed in figwe ot merit, propagation conditions, targets. Two geenera types of en'vitommenta Cos-
and uqvet depths and aspects. 7Ue dombed Ilin Is
the locus of Perfect agreement. The open triangle UB4~So m ls
hor the s4Q&4 mod the closed rainagle for Az: Tný- so ploe, OP509 pired "ad mubmIsted by
5eam system do not catreapood to the same environ- F - - P Operatinlde" eamn Force, 7 December

menwtCal rndiins6 19 (cCmil'iDn1AL).
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TaMe 3

EXPECTED RANGES (KYD) OF ECHO-RANGING SONAR EQUIPMENTS
(Sebmaiame Taweet at Radom Aspser)

Figue mull-Mournee VDS (125 ft)
S m Freescy of shloDeep Shel I Deep

SFaem (kc) Merit Target I Target Target I Target
(db) (kyd) (kyd)

StBadard 25.5 131 L7 L3 2.3 L7

Tri-1eým 25.5 151 2. .0 3.2 2.4

SQS. 11 25.5 135 2.0 1.5 2.4 LO
24.0 142 2.2 1.8 2.7 2.0

SQS- 1 10.0 142 3.0 Z.2 5.2 2.4

sQgs.4 14.0 147 4.1 2.3 4.6 3.4
SQS-5 10.0 147 5.0 3.0 1.7 3.9

H CondStions

Sbir speed 15 kt Lker Deph.: 100 l
Water Temp; 500 F. Sea State- 2

ditiods were encountered, namely, 70-foot to 130- advantage at the kwer frequencies. For thdis pur-
loot Isothermal layers and 0- to 30-foot layers. It pose the data for the 10- and 14-kc systems and

may be tern that the lower frquency systems the 20- and 24-kc syitems should be examined. A
have a uemenaous range edvantage in the deeper range advantage of approzimately 2 to 1 con be

Isothermal layers. Under negadve-g•agcent and realized by eau equipraert at 10 kc over one at 25

shal!ow-layer conditio d, where downwind hbed- kc with t.te sarme fig•re of acrit.

Ing of rays is important, both types of systems In conclusion, figure-of-merit meanurements,
seem to perform equmlly well with respect to range tawgt-stra.n~th Jatx, and the Project AMOS pcrpa

perforamce. 81460B anWlyLe3 appear to be eel-id in predicting

Is oeder to coopare syswem performance, the targes for sonsts under vtaiouc conditioau, Prt-

predictios technique may t, used to compute ex, dicttd *nd measured ranges have been shown to

pected reages for all the asvrs under the s*awe compare fn- rabl). Who! such ranges are crm-

hypothetical eavironmert, For his pukpose, a 100- ýuted, it is found that for different syst.-ms under

loot Isothermal isver uith 5)0 F. water skd Sea the rasme environtaental zopditions, a -0-kc sys-

Swuie 2 bwve bees considered. [n addition, 10 Ab tem camn achieve aporoximately twice the range of

were a ded to the Figure of merit of a hull-mounted a 25-kc system hav•,g &e same filure of merit.

amar to provide as estma•.e of the figure of merit It is of interett to note that lateral nmage

of -m equivlient soias at 125-ki'ct depth. The In- curves computed by msess of the USL prediction

provement in ainge shoru in Table 3 for the deep techmique played an important role in the recent

som00 is due to -. impto•-ement in nomse level AsDevE.-1 eIxrcise. Using these cuves as a

ramber dts pnr•t _lgetIosur The figures of merit basis for coavoy-escort screen design, CAPT Met,

for the hull-mounted sonars ae also shown is till achieved -o unusual record of submarine de-

Table i. it should be r&ted that the s.me figure tectiomu, i... slt least 75 per cent of the oppor.

of merit at different frequencies results in ba nage rmalties, subject to the umpire's foal decision.•
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STUDY G

EXPECTED OPERATIONAL PERFORMANC!
OF ECHO-RANOGIN SONARS AT I KC AMD 10, KC

IL Scllkln d MIL IL Pow..

INTRODUCTION skgvwt eaceso Is a*otwxr Oin at equal to %no. The
!i ~ccswm wemt of The cc osivl~ oes*ns &odp~itzad
,•requires a kaovledl~e of the sudstics for piap

"This analysis concerns the prediction of ex- satire loss, submarine trge streegth• and eqalp-
pected ranges for 8-kr, and 14-kc, bull-moitmed, meat figure of meit.

echo-ranging sonars. Such sOLars Wre currently

being installed aboard Fleet destroyers under the

SQS-4 series. Range performance calculatiora• have laIyeir AMdOSemperaturoe dsansa depajdeaco

been carried out for four figur of merit (140 db, O layer depth, tem ure, ats sct, prugect
"150 db, 160 db, and 170 db). The equipment figure depth, receiver e ,, pcy, md
of merit of an echo-ranging sonar i defined as the depth. la additio., emplulcul Iaaau•leea da we
difference between the sorce level and the mini. used, together with a mori tl qspecwff rofecti-
ournu detectable echo level,.path*, to order to compute the eqiectia "p•pt-

previously, a sinilw analysis of AMO$ ppap- tine loss for this moSde of prs-iam-

gtion-loss data wan a4pplied at 5 kc and 10 kc for The mediq• tazaet srueqth for a ad u
various Br code classes for three ubmartie oper-- rnAm aspect was takes as 14 di, a value uwid

9 atonal detth intrrvals. 1 Since #;bsa time a more is In igeemen with tze present kowlee of vim.
complete omd more detailed study of underwater marine target strengths l A ke aw 23 Ire. Tbh
isound prupagation has been completed. " Since the flgur of merif was coades t be a puametelrh
date of the o:.-gined repo.t,, there hu also been a a.npudng expected roge curves. Fan 41diffe
moce specific requirement for information on ev- values, namely 140 db. 150 &l, 160 €4 end 170

pected range performance In the 6- to 14-kc region db, were used, on the basis af previvs eqpeeas e
"for the SQr' 4 son-r. The irawent study rupersedes with similar speatMioal Wnalyses of QUIN Iidr
the ien(,rmation pre riously reported. in part.utr, SQS-4 ecbt,-rtmgig somers, 12 db was tokem as Oew
bottom reflection paths have bleen 5ound to be less expected 'jver-all stsandad deviadon . *A the diag
hmportant than was thought to be the case. nal ercess was considered &m be amedally dclr ib.

Med.
ODWWUTAT!ON OF PROBABIUTIY OF DETECTION

Sample curves of redelta psm~bilty ofdmat.-
Probability of detection was computed for a dlia versus rage me aowa is Fig. I etw I he ada

hall-mounted sonar ks layer depths of 16, 64, 196, in rig- 2 fr 14 ke tho the dallw vaohhine *Ie--
and 62c feet for the avet•ge surface tempemturr atiai depth and he figures of neck of 140 A ad
for each oi four months of the yeh ki dthi'region 170 db. A .thege hvqke YeW, St may bc seem tim

30' Nl to 40* N latitude. These probabilities were bettow-relect e.gchoes amy become aipuaim h
computed for shallow (49 neet) and deep (484 feet) negatve wood-ve ority-prdien chamttion eqp-
gumbarsere targets. I be probability of deeto is chin IVhen r'qo~mes wit a fgue4p of ~l of 170
defilwm as the percentage of dme that the echo db -w grete inr use A wonrde 3Mh

and an averoge tempeatare of 3S" F. o*v the

Itee •pendis B, Us. Reprst No. 18L depth of the ocean were used in teat coqpto-

See Study A of %tils repr' t. fops.
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I~ A~

- . --300 N to 404 N beyond the 1OC-fiahom Hoe was

lea C- Do -- made. About onl-ithird of the cards In the VSL
a ~North Atlantic Eavirousental Dogis IBM Card FileI

fa0 &HaI this reg"c. This couopilaon av mii ka be

cos addeted a representative sUampig of ek ps
ifhflal taviromajent withia which e-qrlments under

b avviotiom wre expected to pcridmw. 4 tWabar sws-00- May ipfthese stautistcs Is give. in Table 1.

pose If c-sBais 0-b~lt e4 Desertio veye dtem"
of prsbatioig of decec~ ltl y 36f eto 14 oor waere
werde fsrigated aaleof 1,6, fee2, mad IS yfati

- -. depths, the 6-mvvaue; 144- to 324-fiwt layier
S depths, the I9E6-Ear value; mi Breater ibm. 324-

L Ame layer depdhs, the 625-Ima value. The expected>%iI a p Wyodetectko was she. obtsimied for each
L -W f th ewhm typcal month. of the year by weighting

- the ptsbabilides is each class by the frequeacy of
Rum a an ocurence is this class. bbeaever the probability

sildeeection Earthe bOnMAi Vel*ctiGn p1at eurze~de
Fho. 2- Pug bylh of DGOWns s.Ea . mage for dw, the dirict path is my class, its vaitie was

14k.m% a i nd weighted Ly t6oe Emyimey of occurreace

of mtso enwh.mental class.
BM WEIAL STATSST3X OF The txpecw~d reag was thes olisened ns that

AiLMITIC OMM AREA 31 N TO WV N renge ienweqaordi ng a t least 50 per cent weighted
pn06"ity of detectiah. This wpe dome iptr cas

A conpgad .1 &ae ain y h mne, of es- =so& hear aceauoic freqvtocis .13 amd P4l kc. isr
euani *I-im, Input dqmth, -e sus. sind fi~eua of omi o 140, 150, 349, smd 170 £,ý aud

msoupawe 6w ib. Yeah Admend Ocsm regim !%W 06"lw sad dep, "Wesiesul su "mr-1wPs

yew I

sr~jjwAor vmmwmwAL n n -1 W NORTh ATLwmC AREA, W N r~) V N

be& on SLOW. e See stow
_ _ __ 30.2 ?.3 0.2 *- 0-2

n1 3 3M 0.7 WS 4" 1O3I

>_ _ _3 4W _ _1 40 218 two 1W

141 lb mm go AsoV r

- KS Sdm71.W
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clacses. T'e nroQthly vle kepce aw
were then p~ott.-d as shown io Fiu.. 3 though 6. -

DISCU5iVO1I OF EXPECTED) SONAR

PERFORMANCE OF S-KC AND 14KC SYSTEMS 6--

InFigs. 3 lurtough 6. the expected range in 4

seento have 4 ~amiamUr in July and a maximum In k: 7. ff
INN W-~ A AR. MAY MONTH SrPf N1V J. a

-4 - , 
i 

-~ 1.4O2
Fi.5-Monthly Ekpoct~d Rongo at' DeteLtion of
Shallow Submarines (49') at JA ke in the

,--,- - North Atlantic Area, 30* N to 40' N

"Tall- N--LA--'400

I -- -.- f~Fig. 6 - Monti~iy 1ýxp~ctoJ Range of Detection of

L~. JN. ~e* tlntc Aea 3 Nto4O L E]Deep Submorin.7f (484') at 14 kc In, the

MONTH anad the large nmumbtr of deep Isothermal layers in

Fig. 3 - Monthly Exipectedi R ange of Nftectioq, of the winter.

Shollow Submarines (W9) at S kc In tht, The effect of submarine opetational depth Is

NOA0 Atlantic Area, 30 0 N4 to 400 N such that expected rpnges fir shallow submarines
have greekter yearly ex' uwsions than ehose, for tke

- ~greater depths, for both the &kc and 14-kc data..Iu

- winter, the d4!ep submtarines art less apt to be de-
S t�ted bhllmounted sonars than are the shallow

_ ~subaurines. in sumu.er, the situation is not quite
so clear-cut.

Np,~J4OOS in general, operational ranges jupcove with in-
crease in figure of merit. However, the Inprovamment
is most noticeable against P~halkltw submarines; M
the winter,

rbe effect of acoustka frequeocy on Mfr~wamace

JAR AR. M~r .RS.Y rp% m nybe seen !tow the chartl&, which shaw~hdt eqttip-

Fig. 4 - Monthly Expected R~ng of Deat4 of meat withi a figure of merit of 160 46 ua 6 kc has

Daee Submarines (4841) ofa tic In the virtually the same~ perform snce as eqm~uiplu i with

N" lAtlnitc Area, We Mto 40*N a figure ofor-rit of 171Ddb 0-1 4 kc

AWomrIEUA-p



IM USE OF' PAT METHODS AND PIIST-OU DWPRCIS CORWI M~ lS'

' aka wd accerme. Eivtc is*. am. lm. ofksh~ al. Ova leeo'ut VVI hIs Aw as now of
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fEqmation (12) Is simply tre 0aadon of that
(sin 0/0 d C. O (8) ray for which a con a.. How Is Equadon. (11),

r ad z are fixed. It w. write r" * */A? e ,G
We saaw isteapret the pop.essvt divarBeace where r satisfes (12) e s ! s held coastae-, we

oi o ray bmdee an a£ Coreqoudiaa opreaudla of thne have
r**e energy. Thas, hm a simple soce behaving
like a'&*or lK near the omigl, we have WNo this -

reiat of VIe,, ""

r fro as e)*/a#.(9) A

an dte rid. or wave ieflealy at Mait diatmce a" -- Ar"', (13)
(ram tdhe agik es di lstcntn• at ea er -g no

temy.
Iere q.ýW turas out to be the ntovel time

aloung eke ry in questioa, and the "ray Intensity,"
AS~tIA3TOTIC •'uj • Eq. (9), Is simply relaed to the rate ol choose ofThis time.

OF THE WAVE FIELD A•cindg to the method of siatioowy phon.,
we c am nw mite

sqms" (9) vi bri k dk m a •= w (r con , S
smfA"L W order fl) imVestism1616 t is dSt -3, we

edlr m ). is is ssaed that P(tv) i© but dot•I7  "lIle. (14)

veuyieg. CsmsWdS•g as em-uA of the method
of smehonar pkonC- writ

,1e pth• of lategrndoti In q. (14) !s to pass

ON) & 4. ..- t , o the point s - 0 and to to etmnate. s in-
Wty i ose£ ma noier that the inergral ~omverles

-beO ulely hr Seanf values of k.r'ead khrt We+ " " ""shall prem dihae both these quandties have a
+ S e '- ,.. sall mesavtow argmt,. with tesults fe other

00$ /6 + (30) v-et higlowixg by mdvtic coaeiauations.

A apeopriam path of -nxerakdoa Is u'" as
it, T. . ..e.e. .r #(Si * Point a. dlo~nwd Im Fig. L

Them

444Poo 77
Sw

ret,.- I,..P.Is.lue~e1..[

F.V4
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Bya lmour washbudou of die wuAwhe of V o 0.)I
Ihtegoel u6 M~d SI MpVul 0 COOKW d

wee

alkarVa Air(r con .)

W/o be 03/r#2x 124%) b, I attalAr /rV- . (Z7

x f.q'+w,'Av (q5) Foe larg A, .. thsIsImp Pdb

whome*ak'('''Pr~ .irD.,(

w T. r2/ f App)I.r")'S which Is eqnivok is R+ (11% ie). . in dwopdsuI
lisi (A..O .1. Two. - -- d of osmuem 7r giho. n-I ~ ~~~mma r'isa lasdcated An Fig. . The cmm.' iu ames tot es ommeutcu, oray qps.iulu

Fig. 3 Is eqmlvsdeut' The "NOmW In Fi& L By Let #. dItowe ib Uide lluaw ofe 0. Thou we
cousddedug the comoor in Fig. 3 mod sefoeuato MaY wite i2 genesu

the quli update etrue$, A t is bausd "ju a__________"a ________

I £414 xb 2 e"r" 9 '. 19

II uor wrdasl

a ka 0 81/2vo2, (3

r/0- 0~

Fig. 2. Tt.ehmed Pat% aU i...,t.. r

we bowe
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-FT1~

- - - .- - - -

- - - -- - --" -M I

*An

Ii 'il. 4 - FP w,9-On,d DI9vm mCe meio $.n

S- 24 w2 rwt 2/3%4s r(2/3) - I/c. 1d con ,,) coo ,+ r

X (r 1r ) V1 (im#./ no0)(24) + f: Cos eld Cos 94) dzj

A Sag& of j (e) Is gives In Fig. 4. it Is ft be x d con 9./dr
mused dta I In i8differet so dwe slig of r" and
dht d&e Coalugate value of I Is O. be employed - cos 6./c., (25)abea r'1 ha ejatve.

iwhere we bhae alo uased Eqs. (5) md(6). We then
A SIMPLE METHOD have

OF PREDICTING INTERFERENCE

The exact fwel time along a abagle my Is t m)

seldom impen"L 0a the other hESd the differ.
ewe of travel does aieq ietersectdis, md henc
imuferulg rta is. often o-ateetst. A iifcast
hosme ofddf thisedfer1eaoce Is its chbam with die. Now, except new Socuslag fsiow% I e 2 me doe
lce. For eamle, dhe spciag betweew e dt/dv will aemily be melisibly small. h
owe sonl Is a msat ealioheeag fe o, i. As Is she l•eate of0 wl aabeie• e rWsw1&d mumce lacliution #.. 0I de dhmse im he

patin . uve a chaqe hr la di teace Winl be amwly
1R1f4mria to Eq. (8), we have for c nelm -.

At/A (*Id coo f.) d coo 6/dr (&w/cP [Cos 0, - coo 9 ([ 
__68



Theerk.., the apsciA% betwee poeis of shela, end the moapolo dlffecnce 0. - e. is Meetl
nerfeeummce thocwanstlcs Is mend7

Thin MPPMXXInuAaM 09 VVAd Vheg I -' OP "d 'Ohen
F > Ar. its rem utilly commebs. he&d fact dw Au -~ is. + 0/co) J/d? - Oq + ri c" **/ce1  (3e)

In~iI the toy incliAmauime ot the source need be

in conaws er GN6. WAd 0, we Nearly theisi Equstle (30) is useMd whom *. - K Is annUL
AO Itself 4Can b-T SPION aýply. COMualder I&- SItON. VbmW stre lcm b o1md sm oI

lie o 0..4, sofo the acnmn mee 0, meed nWW
Ig mDOe Intorh the calculnulem. if poem accury Is

required Eq. (10) cium gmnlly be 2ss1a1e1 80
eel hither-rder tenmse Mkict winl Iny01yvC, fee ezenp&u,

ze:.A toery intemalty ank Its rems of chimnge. Theae-
fore, ane aracing of &he baook mra, loegete Wit

9. 1ts first Nad sees& space or epar der dvasktea
will memaly yield ""dIew practicdal . immn

I ~~on Wmrceton (mwad&a). dMhoed., mand "iaasm-

INI

sgma illusgraft It le & Sl.. The Oravel OEMe &iMet- do of retcb m, it is useal to dividea the .modb
@am# Seinm Eq. (a), Is U IJtW =at&. In evAJh Of which 9 intl. IN 8 she.

a pie omanner. Ray tracing then coima..t of 49pply
Aar, Cos 0,/C + (2/co)f w vUnDe)dc jog hmmulsa gettdWhelncuMOMM 4dinmnee,-

Noavel dim, sad Intensity in each osrtum, and
0 proper cos~mbJiand of these toyield the P ofper11 e

*(1/c.)J (min 070) dc of the entire gay. 7%0., let of be the th&*.eOSs 4d
the jib starnum ri, d ii, the inceements od d&n.

.- ( ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ic Vc) anGi ( ( , m9/.d travel time inse Airn-r-i mod its tho
- (C.)-(:m V) d * - d co #/canger at which the toy somea. Thies

- rcoos9./C* (29)

"Th fire eWO Kirng epeset the travel doe 11 of a- lo.a~
the primed ray is the medium dove the source.
Thea remoler of &ls be dlffoem"cini Sm doo lo-&lsn /Cosaf3,) I *Wdwo)
tug 'aye of baindsiasl So, K. it -aersing he smame

meimW distances r and r - rig respectively. Table I below gtives bmulnsks whlich, apply 00Thin remainder is 60e11y so.-., lon of voa fr atetbe cl Is

the velocity at she point of entry Of &We Ray, and

- '9



Table I

FORMULAS APPLICA111. 10 VASIOUS RAT SHAPUS i*

frv of norn

I +ga - ajee atti tom so - owl caa ~

(,V3.A.W cOi Ru eum2VQa +xb4P3W0V pel

TABLES FON MY DIAGRAMS gj ymsd.

A set f tohl abe whicb we vm#sfIs ~mw£iuai nv
dihosma stratified media, ;n vbich &e sep-e lt ca $I a Cos '.
swarm '..ve casum wlo-ity pedlam.&i, ban bees Co
pftvwed on gum ev~p.0400 Tat,* Ialwal pir* P 4&

Entry ist. :he table i laccomolsh Oe3wo~g the '~~ i9~a1

Mractirm a. DHded diffe'..ces are piavided. Lin-
e& iatetquclaeam, of%&thngesea 4iffereeces% will ujsif Iat. mad the .. aul.. .ofe psed

a"sulffcicag accuracy for most patpeser. The suedam we bow.
tomes cover tbe rmaw* hr 0is4ss

2r0'1 -tie 0.l ,rm 1~, Iwo.,

a - LOOP? [0.0~W2 L002
LOCI 10.0021 L01 Th sae. em e a avallu&I. ikeat mns eueL
L01 (0.011 LI is aabaud* Some wu on AN cds.
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AMO~S LOWFREQUE14CY DATA.ANN.YRS MErhODS'
by

T. P. Cwbsm IndJI F. KuIlv

AMW LW- .,ouEKCY
PATA.AMALYSIS mETHW)

WIRODUCTFON MUM0 OF " MNAL S

IOe1ibm @Ihdw Ascve am1 ibm AMOS t..-h.- A block dhqpm ofike smaywl sy go gqpws
qmmp mammaue ms-.s I ii, w doming.la In Fit. I. 7bu pof9--pofm .*. sywstmis L cew
sd" of mzainin vstm. inm keymc ww m sp d ibmwbwA ~av#A hle m is sine ban&. m a

*Puqmwnsy I0 so an eraws pt "cowa V-dAe, a pla of soa dpoomm level as a&wmo
J~a -1s ofib mdo m of ppMisagnm. h por. s of She Ib tagk 11 ofdwmmW~ ho eoeb besi,

OakA. cc is boý cti , a and of as low ieqmmcy In epermakat, she apal ib SeWk. fica dguthea
GiOncs. .igaa wm hd~dmd &dmai AMOS to" to tse filters amad~ his amom s tim tc
Cieam.a ELUVE mad TWEVLVE The a4.esivmws amoimea i. am .ectfilr ave"Vew.. VUe venagj
ad ibds .&.m o to dlasm~ a a~mimaaaw mot. o"Wt of eachMe Its. A s shead so eme pea-~Ama .
-0 1 rum blobh "m da. 0 p d at ib' Lda- a Blelt Teiqahame rtepph swIftkh wchisk ja dlv
um &ued Lawinip ko esdor so paw@"s ib atswam a raoe ib a glwema Site? .sspu 1a sompAed

40016 *AMR 08011610 mad 0 pm - l - mackoe every 30 seceao'- This ~It .ewsless go
-kf wI'd Wue me&, %by *-I mo epm mad whic tng Isee meof .13 to0 2 50 ypeedAm daesdh

pon or eame of iw we imprmas&@ o spmp. up=a ie Wme" of the utauslsomtt .hp. The sI*
-odw adh Si each filter is bef Iled a weatum Etecsec

Thedamme e pmoo weim4A GWaphc Level Rocodat, whot.a phoweelecsl

kas~bnd dd-ebml mauesisqie nwem ms jgegib volsege. to a 4gcmm mb~er of palms,

M h 4 - Id o m-a* m obi- ec fil-fI FEeE~ sw mZ asm, end ime An

mw @I I esomndpowhle rw 4IF6 of Wam ei d mews After 10. ci wecipow-

to ow sm Pe" emsieiqm~d as a
huselam of ibm hpseli of ibm imae- ow eah of

2W* om*q~omd ddimy a UI Resam swem- keqamey binds. Nossof Ac- 23 samsietu
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ita ds *f the Metsh Adiumirt muiPd &Fw-mmOrei -B d at goner vi imoren mamassAilef
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Data for F•i. 3 were obtalned on a station 9-"
c d7'0 north of the previouS One, at 750 a"ehlatitude tad 010 east lonhlrde durin July. Ray 2

calculatioas fpr this situation llniate that rays .
bawl,8 Inclinationis of 1.1to to 12.50 at the source ~ IIaucdepth would refract back to a depth of 50 fcet aor A
r"ges of between 27 and 46 kiloyar7 d, and the
predicted focus peak would bea 29 rkiloyas.
Here again, there is good ,greemeat between th*
Predicted focus at 29 kiloyards mmJ the observed
peak, which begins at 31 kiloyards.

Figure 4 cootalms data takem o a statio. well
south of the other two, al ;•5north latitude mad
700 west longitude dudtig April. The kik 4(v) hom-
merbox, which wax used for this station, does not W 0 OD
have so great an output as dces the aim esued csImuuq SCE W - J106 ULY lWi2tthe previous two statios. 1A this Instance, the I C4YEPOIIa - -predicted focus range in 70 kiloyards and the ob. Fig. i. CompesIa of Propagation Cmr Pe.aefved peak occurs at 69 klloyards. Although his m July 1952
focus appears to he weaker tham the siher two, the
Umta! loss froie 2 kiloyards to the focus is qappoal-
mately a to 10 db less than in the previcut two
cases, and the apparent weakness in caused by a 4 T-
lower source Output.

These three staticns, for which focus peak.
occurred at, 48, 3 1, and 69 kiloyarda, respecitiely -im the band from 3200 t6 3800 cps, did awn ehidbit
a maeked focus at all frequescies. For purpouts o1
compari soa, the propagation plots presented in
FLgs. 2 through 4 are repeated is Figs. 5 thouW

2C 
A

S. .. 7, scc maae b plot fm~ a 100-cpu band cern-

S, - -Figure rees etth tiower e

rise ia level of qirzima t ely 20 db fo*' thebe u

oFIRE. 7 however, the rse it
Pig. S - Compadason .1 Propegwati• cmv.s the focus is somewhat more p o ced at 250 W pa

1 Auguat 1952 thea It is at 3600 cpt .

74 at 4A ugh te I

rieI ee fopoiat| Dd otebn
2 -1-,cuee tM pn akdlvlIcesJ0

I ALGLW.19M occrs t 23 cps I~esome tye offreqenc
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iueemilly so key...y Is offeredat pre~ent bee It a stag where a mwoabndaI ember6 oEexperImet.I
- ~~In I etado@ 0 go"e shm the Ireqmese bowd octiam e have been occvpied and she doma Li..

whkich beshow aoea tm. e. Is mot always the woog of &s*es asalimo ae ho be" P poea d ro h"t7
loweest sr. It Is hopeilda sam - sdyal of ex1.. sprapagaien cmve we mew be*le atetpreted Ia
s1,. pulases wood in cwmmeiem with the *Inea sod the light of eavlroeam"al factoma Iowevet, Is

order to bOe4s she statistical averaew Which W51I

'The..~ ~ ~ ~ ~ ~ ~ ~~b eseduadam forq~pmg hase d. ~ ~ a ptadtlca applicailoo 91 she dats,
Joel vmui was pmopm"e Am .q.iaasiisn vi this Pb~ubs a lmuch ;arm a1be of didonam astations will
ow Is PmWmand Is ad* b. e ,etcdred
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STUDY .

COAPARISON OF C1OMPUTED AND MEASURED hITENUSTIES
FOR PROJECT AMOS NOISEMAKER' MEASUREMENTS'

by

Theoretical inte-'iity-veirsus-range Plaos have signial versus r'age (1) the direct mouad fieldi,
Leen coiauted for one set of Proec Aos deep.- 'vic is alwCys prejaImingAaa at the shet ragsecr

wkter, low-frecquenwy measurements. The scaud ') tht~ bottrwta-rellected field, which becomes pre.
field in the vi-:inity of caustics and the bottom. l~ominant in the region beyond the direct field, "Wl
reflected field ate ir-chided inI the; com~putations. (3) &he focuscd field, which is conluy observed

rnsn for w'zch a bmJad-be-d noisemaker covering of the Notd, Atlantic and Pgwific Oceans seadm
thL firce *any azte fiam 250 rz 8000 cps was used. &Wlr'rtr rang~es in i nre northerly latituades. For the
The observiri itttertkittes ace 0~ substantial agree, direct and focused fields Aie major causes of si.
went with theory. AIl reduct'ion with range are spreadiag sed ah.

During the propagati"c jrogri~v wbich the t a. sorption. For the bottom-reflected field, a boundary
der %ter Sound Laboratroy has conducted for de.ew loss is intirodtced.

it ul years in connertioar with Proj~cr AMOSt a The itirst portion of this study will deal with
variety of arojsri,ý measuiements hare been mtafie, the bottennreflected field, and the final portion
of these measurements,, ,the type to be discuss.-d will be a discussion of the focused field. Siace we
in this study will be those in which a listening are primaril :Y incerested in [coig-vauge propagatia.,
jhip lay to in deep water while a transreittingsh4-) it Odil suffice to state that the direct field utei-l
operated a noisemaker and opened range to spi)rox- nates at a range of approximately 4 kyd for the

iwnately 80,000 yards. 2 The object )f this discus- station with which we are concersted. Ucasweamats
sion is to ptr-snt the method being used to int.-r. on this etation were made by using an uaderv'ae

Pret the propagation loss obsekived for each of ten siren ina 1500-f.Rtho. water is n~ morthern Is :nimdes
frequency bands in the light of ocranographic of the North Atlantic Ocean.

factors. 3  Th.ý! expression for rutio, of the intensity at one
in general, 'three major modes of propagation yard to that it any '- it in the mediumn Met. (9),

are respcansible for the behavior uf the observed Study II) may bc~ writ. f i:

This study was delivered as a poper rt ~lee Nisish.(RsnOct , R~9 ~
liasy Sympoaitim on !Jnderwatter Acousuicy, aý the NavAd

iResearch Laboratory In June 1954 and we F. subsequten.dy where

Usidurtwear Arxms~ics 0. the angle which the ray aakc-s %.th the
3Thirs type o! run In desaignated as a "ststi1. aL a~d ho,.-zontal at the source,

wilbe referred to as such throughout this asvly. thanlwietemyaksihte
will8  method which wait used to reseive these noise- horizheangle hit the r raymakeerthath

masker tuns into plot. of signi' level versus tfuse forhointltterciesa

tea frequency bonds wasn discuassed Is "AliAS ?.0w- x the horizontal distance fwm th so'arce toI'Freqaii~cy Date Anil,/iais ketlodi" Uy Tfsomars P.threiv.
Cia.~dcoa and John F. Kelly. a paper deliveted ak *.eterciv.
Eighth Navy Symposium on ijaderwiutte Aconuxit m, at the i scutmrtobedthvoiv-ptcre
Uuderwat t Sound Laboratory, 19- 20 Novembet W~53. See isctcrayobr'khe'.oitdphcre
aloe Study I of the present report. into layers o! constant grudient, ow.d'then

~I .t~ .~ ~ . -7.
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oardo-sa. -(Csn* Z# 03S

&w&an~~ dg medm sd'.Ee ofd em i~os

re.~~~- -c/~ A.. WRMW1. *.-m *IAu;

r , . c2l , C s . N 0 ( 46 _ _ x, b A n m e . "d A .I s . bw u I n " O a m b ."

A. w udeyadve is Sgin. J(Ot) is aimms is mw go-
7The "Vdm~uis spreak~s im xEq. (7 won.

*v(&, - G./. .*2 )(uhGC/Ob Ov)-. -5 rod-fs by lwye an fo~leys

Im d ashow komuls gi is de S. -~9/ 0 - is/q tern )#/& *.1sb9,
J 9w, ,i dw A uadwIs waemis lapyms. 0, Au. 0~-(/t*. #.ý (*dv'E
A. aa~le uhkch 1. may maks wiAh Am hadno um

* ~ ~ a uthe depth imbece It toune she verse layer, and h&.Mxrn (ZCO/g,, "02~ 00) (I/aWm 00)
Ofan 0+ z we de ea mesade by Vbg uay .me
e--dm and teawlates Am idesW. - (/sh' 01)(d/E)(6

TbK*, at ay -oni after the vertax:

W. I Wh/. dTij#d#2 u(c./Se t~s3 9,)

+[ Tdrdi!4.) - E (dA0.] (f)
x 0(1/sis, 00 - i/mi. 00 + 1)

The~~~ u m + I refer '2+ the laycer lose being.
affid after the MeOCK layer, tepeqccdvely. lb.. A.e - Wain of -'Vi 4/sI +~ is.

am of .the tem Imsg th n~tf tEa (6) be-

601g equal to drl/a. in. .assiade, them dalE.o
varnishes (sine all tbe dr/EV stems have thA.*o- d2r./dx -(c./gu os' 0o)
pool"z AVg from dr,/d9*) ndc ~a masc Is reached.
However, a second derivative exisks unless It Is x (1/N1.3 G, - 3/ala Ged.()
also o camp, in which case the third derivative
would be required. F'or purposes of Illustrating the miehod w[WIch

The corrected intensity lu thse vicir-ICY of a was u~sed to compute phwse, two rnys which reflect
ccuaeiz- Is obtained Sy multiplylsg the tay intern- fiom the bottom will be cousldered with the source



NNALTM OTAM6E TWAYIIESISB UTif6f 9* . 2/R
%2 0suIWW RAI m M~ LAYM IGI 7,00 2

Tom lonciL (4)
1110111=1T. 961NTAW2 TRAV~I"U BY mu ' I ( AM 1 / 21 (diT/dR'h.k

%1~ 091 WOMs RAT 0 THIC LAYM SOLOUW

on~ Euatire (14) is doe dlf~ereme in travel time he-
p g"Fes dhe meo rays is the leyere helew the fnew*

Sand the receivet, sd ibh~ is An iectess.A dw e
ds 26 depee ra ove the 09. 1F degre 5ayim

/ IT/JR is always positive. in the layer aWoe the
/ ~rectrive timre is a" incras in travel game ls, doe

hit~~ve R witholfe ege ayoe themue 09d2theg ra. 'irhos the o
hen.a calcalsed int hevt doe de-

wheveo Tee Io isn the travelm wlRa foor the$g c
and he eceverat he omedifeptence Fi.2etaweehelyrnbvetesore

Tbemehodaplie.iawetnscgus with morin itwa s I itheoremat case pdw .1f amndn

te~~ve we th dine ee det* layrs belo dielorc sigdals receiver, the e
thee swc and rag an itd hrivtie whise rpfreedtwie.T

spect~~~,esie tom~ by haebencaclae S he0g L
gme ~ ~ ~ ~ ~ ~ ~ ~~~~~~kv ray. the peelse ist fn hey.ettm ToI- te2 (o ., .
dO~~~~~a the hence the phsedisso- etee

dephs my*. we& u yOccur th:92dp. hs h

Kparts m* partbeing shetimes ad"bs te0 1 fnm d e-u lesvru Kfrsgasrfetdofc

T (11g I(13)

-O 79IM"111LC
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3OtUND VELOCITY IN T/SC race of spreading less is grestes, than 6 db atd
0 iodger vunps. For each of thew. orders of beit..

reflection, as well as i f all biherm tArer. thezo,
we faxw psths by whach a signal ra ee*ac sn-

9= ~~~~ceiver (act Fit. 5). For mostofthe tea b~anda m
which the siren spectumswas. regolved- f-Se low
snnals) could be combined simp~ly by modiruipm

4000 intens~~~ity oron h y fou. A Lt~elower frn.

Iw ith rm a g e w a l w e m o b s o d st f l s e w
".egected, signuficant arr In the Clim.tkal
cate wmald resole. The plot shown ia Flo. 5 cm.
biast the flo iMicoted paths for a fiegaeacyof
250 cps. which is the hmodameatsl freq3eacy at the
siren used im the measwcmeatss. The souce sod

- - - th receiver weame depths of 50 feet, mao the wmfte
depth isa 9WI feet. Figiwe 6 pre meata a simsilew rlot

Fig. 4.- Smwmd-V.Iocity-Dapth Prfe 250.

-es were made. The velocity-depth profile forWP
thesmeanswuremets is shown is Fig. 4. 11W seo-
tin was made at 750 north latinsle aai 01' east
laughde. dwing July.A

ina hsnogmeeous medians the two cut wes would
approacls a slope of t, db per distance dsubled as
the slant roagc spproac%ed the horizontal range.
ljoweves, for tW~ ststiow andei consideration mad
for estwt deep-.water locations there is camaid-
oraWl cwvaWe for rays wkich mtake semal mspics
wkMb the hgt'om. As a result of this Corstiere the

.U9IJT = ___ I____ Fl5. 6 - Sbomlsns Leas for *. Cosohimad Few US..l
~m~I~i~; 5005Pesi Reflected Onat. how. th Sattee for

-0 - ci VIM. SOFEE a Peoquvacy 9f120 cps

OE" -Y - ot the fifth harmonic of the sires. Bec..e Of the

-- - pe"Klity ofthepeaks atthisfteipencysod becostat
.2- - __ tht-re %, Itwo or more hormaatics in the pass bond

Leo* all the hs &_. ased in processing the damtabsove
the thirdbomrmaic,phas4 shove this ftequwecy was
neglected.

ThUe next step is the oar'ysil was the cwnostm0'
tios of a theoretical curve which indicated loss
versUS fdane. The computatioas Int this putposeInltte abopinadsradn o aho

Lefeuec od.4We h pednlv



- - ~ -, - * - f" -- * ' 1 ' ~ ' ~ 77 - -- -r , -- ~ ;-30- h

Fit.7. R 01ee Luse ve. Gresirml Argl. at ocean

Fi- SAsPeau Level vs. R~ enupr

min absimuption had bees established as * Fuqa'ctiSf2%c.
Of AR~e, C6'~ themcetcall pkoe for Signals reflected this region. A sample of the good epeeea 69
ouce Oss the lmjm were omapamed with the we&* other freqmeacies is shown in F~ig. 9, which As a
M~ai poopmaptio plots at 01l S"ranges, wbere spread. plot of msesasred acousdc-prese~e level "trsesIIRS predicted thoe these ciginal would be jedch range for the relveacy boad 69om 40O to 5009
sMONOr tho thes "I higher-order reflection. A Cips. 71e -m- 11 ctuve is the one protdicted as the

"aohdcume of loss per reflectio. versus angle basis of the hottoo-reflectlou losses eor IN
drtflectio at robe Iito, - was then constucted for Fig. 7.
each of the tea frequefty hands said extrapolated rwe fescus reg~ons, one &a a rWg of 0 y
to include eafles kernm 15* to SDO. some of these mad one at a range of 65 kyd, were observed dew
curves sme 'hwa is Fix. 7 sod indlicate that 4he sag this etudes. Thbese were caused by rays with
rcllecsiom loss increaese winth frequency sad eangl Initial Source sangles of leas thusa qpronmsimely
of reflecsias. The .wLzmom rane used is deter- ir which -Nwethurough turning points at Aerohe
xmsiag the cures was 10 kAd which curveeapoaded besween 6900 and WfO lert. As a result, hWX OMss
to a refl ection eagle af30" (or this ssuea.k Valet ýa tics were formed at shallow depth* isa buth fames
lowe these coaves; we.c used to cooraes signals .sr ccg'ou; each caustic wa. associated with oee of
highaer-oder home. reflectios, aiW the various the low possible paths. Deco-use of she rapid coa
orders vere combined. The end reonk wase vret- vergeace of the rays is the caustic region sod the
dlesed rorv* whbich lmcIluled sp,-esdiag. aoorsptioc, saboequeat interference between neighboring ras,.
sod I in d- y loss for each frequacy bamd. It was0 Necessary to correct the levels hased an

In order to check these readues, the pmAected
curves of level vermes range wetv comopeted with -OEUM SANO- cusp 9000oFSaw
the oboarved plota with the view tht rmy foge ~ I VROPO ou"Ms SOT Fay
erat is bosto..reflecsaoug loom wo-ld show up be- FIELD__ 50W LEVZ:a *70"DSPDO WU

yowd the 1O-hyd range, the waimium rauge ased i

4--t~erminig the curves in Fig. 6. The agmremient Th
betesenr the predicted sod observed leveks was ~
eased thant the bottia-reflectioa loss e Ivnt zero
for eangles of leas than 370 (see Fig. ft. In Fig. 8 **
the solid coove Is tke predicted one. is is evidenut -AM" -

is am*r rapid thavt dit expected it the loss were 10 ,
zero, for Vexing angles of leas than 37'. Pointss
beyond 26 kyd have been om.itted because focu~fd Fle.9.- Sound Presse. Level vs. R~ueg for *.
rays which do not reflect from the bottom lrrlve Is 400 oo s. 00-p Fraeqmy Brwu
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propagatioa loan. versus frequency fo each Samu
region was drawn.

0The curWe for the first focus realonmoo se
a kyd is shown in Fig. 10. This curve ladicaes a

miiuoai loss of approimately 62&b ata freymscy
__ - - of1500 cps which is caussed by less awnes. loo-

c sing as the lower frequencies mand higher absorp-
- - -tion me the upper frequencies. Since the ambient
- - - level is lower nod the bottomwreflected field drops

"MMUM W Mto the &.bliest mawe quickly at higher frequencies,
there In an argument for choosing one of the higher

Fig. IQM.ss Pespmestle" Loes to First Fsavs Regis frequencies when attemptiag to observe the focus-
ing phenomenon.

The predicted and oboeered propagation losses
for the second focus regioa seaw W~ kyd are absetu
in Fig. II. Althoughi Some Scatter Is apparent,

0. there is good general agreement betwecn the pie-

M- A. dicted and observed values. Thbe peak of the the-
noretical curv appears at apprnaoxiaely 100 CPS

- 5an opposed to 1500 cps in Fig. 10. This fact is.
- ~dicates that as the imange to the focus regalm is.

creases, abnoqitio. will cause the optimo fo1cus.
to s"it toward increasingly lower frequ ene. The
Scatter in Figs. 10 amd 11 many well bemerrormia

*1 .Mesmd Preverosous Loss 90301 Seond cs Region source level.
to conclusion, the complete intensity proffle

for one of the AMDS low-frequecy noistemuce 8a

ray geometry 6or difikctio@L This courectio wos has been cal culated according to the oceawnogrphc

accom~plished by using the bomulas given Pre- picture. it has been possible to calculate the Peak
viouslyintensity in the focut region withia a few decibels
viouly.of the observed intensity. Dottaiwreflecdon losses

Figure 1, which in a grqap of the correction have been obtained &as a function of dt ae agle of

factor for diffraction, predicts that the ma~im relcto at the bottom. It riemains nw to checkl

intensity does not occur at the caustic where the whether the behavior of other AMOS Stations is
first derivative vanishes but at some uIWby point, similar to the behavior of the station discussed ha

the position of which is dependent on frequmency. thi paper. Futue plane also Include a comPeri-

This fact is in agreement with the findings of Airy. we of the butu-eeflection losses for each at*'
By0 mea fteecorcin n b plcto on with bottom cores and seismic profiles made

of absorption loss, a theoretical Cutrve fo0C ai during the measurements.

C .-F
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